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ABSTRACT

Speedie, Stuart Mitchell. Ph.D., Purdue University,
August, 1973. A factor analytic study of specific
cognitive abilities related to human problem solving.
Major Professors: Donald J. Treffinger and John F. Feldhusen.

The problem of change is one of the most urgent

and formidable challenges faced by all individuals in

modern society. Yet we know little of the means by

which individuals adjust to change. The purpose of

this study was to investigate one way by which humans

cope with change - problem solving. More specifically,

this study concentrated on what human abilities are

important to efficient problem solving. First,

however, since present problem-solving tasks are

insufficient samples of problem-solving behavior,

new tasks were developed which focused on the processes

involved in problem solving. Thus the objectives of

this study were as follows: (a) to develop three group

administration tasks - simulated problem situations,

Verbal Mazes, and concept identification tasks - that

measured problem-solving proCesses; (b) to evaluate the

reliability of these tasks; (c) to determine the

predictability of performance on these problem-solving

tasks from a set of human ability measures, specified by



the Structure of Intellect model; and (d) to determine

the underlying structure of the ability measures and

problem-solving criteria.

Four forms of each problem-solving task were

developed, consisting of single and multiple solutions,

and an alternate form of each. Two forms of each task

were evaluated for reliability by means -of a two week

test-retest situation. The tasks were also evaluated

for alternate forms reliability by simultaneous administration

of the alternate forms of each task.

The representative sample of human ability

measures consisted of 17 tests from the Structure of

Intellect model measuring each of the processes operating

on semantic content to produce several different types

of products. These 17 tests, along with four of the

problem-solving criterion tasks, were administered

to a sample of 490 fifth grade students over a period

of five hours. The resulting data was subjected to

regression analysis, conventional factor analysis with

Promax oblique rotation, canonical correlation analysis,

and extension loadings analysis.

Test-retest reliabilities were found to be quite

low, ranging from .30 to .74. Alternate forms reliabilities

were essentially zero except for the Verbal Maze problems.

Regression analysis revealed that convergent production

of semantic transformations and two memory abilities were

10
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related to performance on the simulated problems; memory

and evaluation abilities were related to Verbal Maze

performance; and logical reasoning and noticing details

were important to concept identification. The factor

analysis revealed five factors: (a) a general test

performance factor, (b) a simulated problem factor,

(c) a concept identification factor, (d) a divergent

thinking measure, and one insignificant crossover factor.

Canonical correlation analysis and extension loading

analysis added nothing more.

It was concluded that, although a number of actors

may have affected the results, the most probable cause

of the lack of important results was the low reliabilities

of the problem-solving criteria. The regression analyses

yielded some information, but hardly of great significance,

since multiple Rs were generally low. Thus the study

requires replication with several important changes in

order to reveal significant insights into the problem-

solving process. Also it was concluded that no empirically

based model of instruction could be based on

the results of this study.



BEST COPY MAME

INTRODUCTION

1

The problem of change is one of the most urgent

and formidable challenges faced by all individuals

in modern society. Yet we know little of the means

by which individuals adjust to change, especially

rapid change. In a world where technology has made

change a constant fact of life, it is necessary to

find ways to educate individuals in coping effectively,

or face the alternative of being drowned by the rising

tides of our own inventiveness and technology. In

his book Future Shock, Toffler (1970) contends that we

shall need individuals

... who can make critical judgements,
who can weave their way through novel
environments, who are quick to spot new
relationships in the rapidly changing
reality. It (modern society) requires
men who in C. P. Snow's compelling
term, have the future in their bones.
(p. 403).

Since solving the problems generated by change

appears to be of prime importance for surviving in

this presentday world, a central role of education

should be to assist each individual in developing the

abilities and skills necessary for coping with this

change. Thus, schools should have the development

of problem-solving skills in each'person as one of

their primary goals. Or as Toffler (1970) argues:
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2

The new education must teach
the individual how to classify and
reclassify information,, how to evaluate
its velocity, how to change categories
when necessary, how to move from the
concrete to the abstract and back,
how to look at problems from a new
direction--how to teach hirtse1f.
(p. 414).

Such goals are often stated in the general philosophy

and objectives of school systems but not generally

implemented to the fullest possible extent. Students

are often taught known solutions to familiar or age-

old problems, and little time is spent in explicitly

teaching strategies for encountering and dealing with

new problems. (cf. Kozol, 1967; Holt, 1964).

It is not reasonable, however, to blame the

schools entirely for this deficit since social and

behavioral scientists know so little themselves about

how people solve the type of problems one encounters in

the fastpaced world of today. What seems to be called

for is the development of innovative approaches to

instruction aimed at training individuals to deal with

such problems. Such approaches would necessarily

concentrate on teaching complex cognitive skills

and strategies necessary for confronting the problems

of fast-paced change.

However, the effectiveness of many innovative

instructional programs is open to question. This has

13
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been documented by Charles Silberman in Crisis in the

Classroom (1970):

... the 1950's and '60s saw one of the
largest and most sustained educational
reform movements in American history,
an effort that many observers, this writer
included, thought would transform the
schools. Nothing of the sort has
happened; the reform movement has
produced innumerable changes, and yet
the schools themselves are largely
unchanged. (p. 158).

Perhaps one of the reasons that few educational

innovations have been effective is that these programs

are seldom derived from empirically tested principles

of instruction, nor based on proven ideas concerning

their subject matter. Most are quite effective in

training students to achieve knowledge level objectives

but few have concentrated on the processes or strategies

important to their particular concerns.

To summarize, our rapidly changing society requires

persons who are able to solve a great variety of

'challenging problems. This implies that schools must

emphasize courses of instruction which dwell on the

skills and abilities necessary for problem solving.

Yet, few such programs of instruction exist. Thus,

a new and innovative approach would seem to be

indicated although educational innovations have a

history of failure. How, then, can we proceed to

14



design innovative courses of instruction whialv.will

help our children Lc) meet future challenges?

This project assumes that a number of goals must

be accomplished in order to design such a program.

First,*a clear and precise definition of problem-

solving must be developed. Second, the strategies

which people solve the multitude of problems they face

must be elucidated. Third, the intellectual skills

and abilities necessary for solving problems must be

established. Fourth, instructional strategies must

be designed which are derived from the findings

of the first three goals and the empirically established

principles of learning and instruction.

Obviously, the accomplishmentof these four goals

is.a highly ambitious undertaking and one which is

beyond the scopecf this dissertation. Instead, two

goali will occupy the primary focus. That is, which

intellectual skills and abilities are important to

efficient problem-solving and can an instructional

program based on these abilities be designed?

15



REVIEW OF LITERATURE

The following sections will review the literature

with respeCt to definitions of problem-solving. Several

models of the problem-solving process will be reviewed.

The operational definitions of problem-solving will.

be discussed and evaluated. From the components of

the problem-solving models and the literature

concerned with intellectual skills involved in problem-

solving, a set of important skills will be hypothesized

and a study proposed.

Definitions of problem-solving.

By its semantic nature, problem solving is an

:action performed upon an object. Thus in defining

problem solving, one must first deal with the object,

i.e.3the nature of "problem" must be explained. Johnson

(1972, p. 25 ) stated that a'problem exists when an

individual is motivated toward a goal and his first

attempt to reach it is unrewarding.' Newell and Simon

(1972) contend that a person is confronted with a

problem when he wants something and does not know

immediately what specific actions he can perform to

get it. It appears to be a generally accepted

definition (cf. Duncker, 1945; Wertheimer, 1959;

Duncan, 1959; Ausubel and Robinson, 1969; Bourne,

16
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Ekstrand and Dominowski, (1971) that a Problem is a

situation in which a person is motivated toward a goal
from some present state, but does not know the specific
means of achieving that goal, given the present state.

Problem solving is, then, the means by which an

individual moves from his present state to some goal.

However, what exactly constitutes this process is a

matter for considerable debate. Davis (1966) claimed

that problem solving is any semi-complex learning task
which has not already been identified by another name.

The more concrete definitions, however, have been

expressed as identifiable subgroups of intellectual

processes which are linked in some order. These

links have been of two kinds: linear and feedback.

Earlier definitions of problem solving generally

listed several intellectual processes linked in a

linear manner. Dewey (1933) proposed that problem

solving consisted of five phases:

(1) suggestions in whit the mind leaps
forward to possible solution; (2) an in-
tellectualization of the difficulty or
perplexity that has been felt into a problemto be solved, a question or which the answer
must be sought; (3) the use of one suggestionafter another as a leading idea, or hypothesis,to initiate and guide observation and other
operations in the collection of factual
materials; (4) the mental elaboration of theidea or supposition ...; and (5) testing the
hypothesis by overt or imaginative action.
(p. 107).

17
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Wallas (1S26) suggested four phases of problem solving

which were preparation, incubation, illumination, and

verification. Later definitions of problem solving

suggested interactions among the various phases.

Merrifield, Guilford, Christensen and Frick (1962)

proposed that the phases of preparation, analysis,

production, verification, and reapplication interacted

in the problem solving process. Johnson (1972)

suggested three broad claSses of processes: preparation,

production, and judgement. Others, such as Gagnd (1966)

maintain that problem solving is 'the complex interaction

of a number of subordinate learnings which load to the

learning of a new rule.

Later approaches to defining problem solving have

usually considered it to be the operation of an in-

forriation processing system, a system of processing

and feedback. A paradigm of such an information

processing system is given in Figure 1.

18
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L
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r
0
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e
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t

Memory

Receptors

F--
!Effectors

Figure 1. General structure of an information processing
system (After Newell and Simon, 1972).

Newell and Simon (1972) make four propositions

concerning problem solving in this information processing

system:

1. A few, and onlya few, gross characteristics
of the human IPS are invariant over task and
problem solver.

2. These characteristics are'sufficient to
determine that a task environment is represented
(in the IPS) as a problem space, and that
problem-solving takes place in a problem
space.

3. The structure of the task environment
determines the possible structures of the
problem space.

4. The structure of the problem space determines
the possible programs that can be used for
problem-solving.

These four propositions mean; in more conventional

19
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terms, that:(a) there are only a few characteristics

which are true of all problems and problem solvers;

(b) but these few characteristics are enough to determine

that the problem.is perceived by the problem solver;

(c) and these objective characteristics of the problem

task determine how the problem solver views the problem

(d) and finally, how the problem solver perceives

the problem determines how he will solve the problem.

Newell and Simon have derived this model from a great

deal of simulation work with three problem tasks:

theorem proving, cryDtarithmetic, and chess. For

these tasks, possible problem spaces have been specified,

and programs which appear to imitate human behavior have

been developed. However, one must be cautioned, that

these problem spaces and programs (solution strategies)

are highly task specific.

Guilford (1957) proposed a model of problem solving

involving processes from the Structure of Intellect

model. This model is represented in Figure 2. In this

model the problem exists in terms of environmental and

somatic input. This input is filtered by arousal and

attentional mechanisms and the problem is either ignored

(Exit I) or the problem is sensed and structured

through cognition processes. These cognition processes

may call on evaluation procesie-s or new input. After

passing through this stage, the problem may again be

20
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exited (Exit II) or answers generated either,by

convergent or divergent production. These answers are

evaluated and either the problem is exited (Exit III)

or a new cycle of cognition, production, evaluation

is started. Underlying all of these processes is

memory accession, upon which the other.processes are

dependent. The Guilford model of problem solving is

an information processing model in which a variety of

intellectual processes act upon environmental and

somatic input, with constant reference to memory, to

generate problem solutions.

A third model of problem solving is suggested by

Ausubel and Robinson (l98C). The model, as depicted

in Figure 3, postulates four levels in the problem

solving process: (1) problem setting, (2) definition

of the problem, (3) gap filling, and (4) verification of

the solution. Central to problem solving is.the gap

filling process. This process starts with the given

problem information plus an individual's background.

These are manipulated by rules of inference guided by a

strategy in order to reduce the'gap between the initial

proposition and the final propositionor goal. This

gap filling process is similar in many respects to the

means-ends analysis of Newell, Shaw and Simon (1958)

which they employed in their General Problem Solver.

22
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A fourth model of problem solving was developed by

Feldhusen, Houtz, and Ringenbach (1972) through a review

and synthesis of the problem-solving litera*ure. As a

result of their review, they postulated! 12 different

types of problem-solving processes:

1. Sensing that a problem exists;

2. Defining the problem;

3. Clarifying the problem;

4. Asking questions;

S. Guessing causes;

S. Judging if more information is needed;

7. Noticing relevant details;

8. Using familiar objects in unfamiliar ways;

9. Seeing implications;

0. Solving multiple solution problems;

11. Solving single solution problems; and

12. Verifying soiutions.

A fifth, perhaps more elemental model of problem

'solving was put forth by Miller, Galanter, and Pribram

in their book Plans and the Structure of Behavior (1960).

They postulated that "all variety of problems confronting

human beings are solved through the use of "plans". The

basic element of the "plan" is the TOTE. The TOTE

is a basic feedback system illustrated in Figure 4.

The basic process is to test a given condition, exit
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if the condition is satisfied, otherwise perform some

one of a small class of operators and test the

condition again. It is evident that this model does not

specify any particular processes involved in nroblem

Input
I

TEST Output
1

(Congruity)

(Incongruity)

i

OPERATE

Figure 4. The basic TOTE feedback, system.

solving, but it does specify the form that any such

process will take; namely a TOTC hierarchy as given in

Figure 5.
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(sticks up)

nail
(flush)

Hammer (down)

r--TEST (up) I

TEST
hamerm ----)

L
hammer

(up)
1N.,

strike

Figure S. A TOTE hierarchy for hammering a nail.

To summarize, there are a number of definitions of

problem solving, embodied in several different models.

These definitions all specify that problem-solving is

the process of reaching a goal state from an initial

state, where the means is not at first known. However,

the intellectual skills and abilities that choose,

initiate, and execute these processes is a matter of

debate. It remains a matter for empirical study to

identify these intellectual skills and abilities.
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Empirical studies of abilities important to problem
solving.

Basic empirical work in this area was done by

Merrifield et al. (1262) in their factor analytic

study of problem solving. Further analysis of the

data collected were presented in Guilford and Hoepfner

(1971). In this study 37 measures representing 16

different Structure of Intellect (SI) factors were

administered to a group. of 232 Naval personnel. The

16 SI factors represented are listed below:

1. CIIU cognition of semantic units (verbal

comprehension)

2. CMC cognition of semantic classes (con-

ceptual classification)

3. CMR cognition of semantic relations

(education of conceptual relations)

4. CMS cognition of semantic systems (general

reasoning)

5. CMT cognition of semantic transformations

(penetration)

6. CMI cognition of semantic implications

(conceptual foresightY

7. DMU divergent production of semantic units

(ideational fluency)

8. DMC divergent production of semantic classes-

(spontaneous flexibility)
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9. DMR divergent production of semantic

relations (associational fluency)

10. DMT divergent production of semantic

transformations (originality)

11. NMC convergent production of semantic

classes

12. NMR convergent production of semantic

.relations (education of conceptual

correlates)

13. NMT convergent production of semantic

transformations (conceptual redefinition)

14. NMI convergent production of semantic

implications (deduction)

15. DMR evaluation of semantic relations

(logical evaluation)

16. EMI evaluation of semantic implications

(sensitivity to problems)

central reason for choosing these particular 16

the authors reasoned hypothesis that these

lities were central to the production phase of problem

ving. They had chosen to concentrate on this phase

to the nature of their problem-solving tasks.

The problem-solving criteria of the study were

sing Links, in which the task was to produce three

ds to complete a chain of associations between an
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initial and final word'. The second criteria was
Predicaments in which the task was to produce-two
ways in which given objects could be used to solve a
specifiC problem. A. third

was-Transitions
in which the S as required to write a coherent account
logically connecting the given initial and final sit-
uations of a short story; this test yielded measures
of coherence and logical connection. A summary of
their revised results is given in Table 1.

The most recent analysis (Guilford and HOepfner,
-1971) indicated that there was no discrete problem-
solving factor. Rather, the problem-solving tests
loaded on a number of SI factors. Transitions was
associated with an ability they labelled verbal
comprehension (or in SI teAs cognition of semantic
units). Performance on the Predicaments test was
related to performance on a factor they labelled
conceptual foresight or cognition of semantic im-
plications. The ability labelled sensitivity to
problems or cognition of setantic implications was
related to performance on both the Predicaments and
Transitions tests. Missing Links was associated with
convergent production of semantic transformations and
finally, originality or divergent production of semantic
transformations and performance on the Transitions test
were shown to be associated.
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However, it should not be concluded from the

report of Merrifield et. al. (1962) that these are the

only abilities related to human problem solving. One

serious limitation of the study involves the represen-

tativeness of the &riterion tests with respect to

problem-solving behavior. Three of the four measures

were based on the determination of verbal associations,

utilizing simple word to word associations in the

Missing Links test or the more complex "implied meaning"

in the Transitions test. In the Predicaments test,

the dominant ability would appear to be the recall

and evaluation of uses for the objects specified. In

none of these tests was there a provision for measuring

the strategies of problem solution, or provision for

multiple solutions, asking relevant questions about

the problem, clarifying the goal, or defining the

problem. Thus, the tests employed by Merrifield et. al.

(1962) did not include measures for many possible facets

of efficient problem solving.

Werdelin (1966) reported two factor analyses in

which the criteria were problem-solving tests in

mathematics. In one study 36 human ability tests were

administered to a group of boys, and in the second study

29 tests were given to similar samples. There were 18

tests in common in the two studies. Factor analysis

resulted in 5 common factors for the human abilities.
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They were general reasoning, deductive reasoning,

verbal comprehension, space and numerical factors. The

problem-solving criteria loaded most heavily on the

general reasoning factor. Again, however, the gen-

eralizability of the factors was limited by the specific
nature of the criterion tests.

A third factor analYtic study, carried out by

Bunderson (1967) , used problem-solvng criteria of

concept learning tasks. he primary purpose of the
study was to determine the relative importance of a

number of human abilities at several stages of concept

learning. A total of 30 tests representing 10 factors
and 26 concept problems were administered to a Sample
of 145 Princeton undergraduates. For complex Positive

and negative problems, the concept problems were

divided into 6 sequential blocks of 3 problems each and
three measures were derived. The remaining eight

problems (double negative) were divided into 4 sequential
blocks of 2 problems each. Extension loadings of the

concept measures on the ten factors were calculated

using a differential
performance function, for each of

the blocks.

Bunderson reported that factors of Chunking Memory,

Perceptual Speed, and Spatial Scanning were important
in the initial attempts at solving the problems. The

factors of Verbal And General Reasoning, Induction,
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and Flexibility came to play a more important function

as Ss improved in solving concept problems. And finally

the factors of Memory Span, Associative Memory, and

Spatial Scanning became most important in the latter

stages of the concept problems, presumably when

strategies for solution had been learned, recall

became the principle means of solution. Again, however,

generalizability of the results to other problem-

solving tasks is limited by the specificity of the.

criteria.

These three studies comprise the significant

literature in the factor analytic studies of problem

solving. However, two other studies have used a

correlational approach to the investigation of what

human abilities are important to problem solving.

Harootunian and Tate (1960) report a study in which they

attempt to relate a composite problem-solving criterion

to a number of human ability factors through regression

analysis. The factors included Problem Recognition,

Word Fluency, Ideational Fluency, Closure, and Judgement.

These were represented by a total of 14 tests. The

problem-solving criterion consisted of a linear

composite of verbal and abstract reasoning scores from

the Differential Aptitude TeSt, the Davis-Eells Games,

and a specially constructed test entitled Thought

Problems. The battery of tests was administered.to a
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group 632 seventh and eighth grade students. Factor

scores were additive composites of their representative

tests. Correlations of the factors with the problem

solving criterion were respectively .624, .417, .290,

.396, and .707: In the light of the nature of the

Ailocriterion, these correlations are not surprising.

There is a high degree of similarity between the tests

representing Problem Recognition and Judgement and the

three tests making up the criterion. Thus, this study

does not provide much information concerning the important

factors in problem solving, though it does make an

attempt to use more a comprehensive measure of problem

solving.

The second correlatiehal study was by Stevenson,

Hale, Klein, and Miller (1968). In this study the

authors investigated the relationships between a number

of learning measures and several problem-solving tasks.

The learning measures consisted of 12 tasks, two paired

associate tasks, three discrimination tasks, a

probability learning task, an incidental learningtask,

and a verbal memory task. The problem-solving criteria

were two concept of probability learning tasks, a

conservation of volume task, and an anagram task.

These tasks were administered to a group of bright,

average, and dull seventh graders..
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It was evident from-their data that there were a number

of sex differences. For both sexes, however, the corr-

elations show that associative memory as reflected in

*the paired associate tasks is important to performance

on the problem-solving tasks. This conclusion is rein-

foPced by the importance of verbal memory in the

problem-solving tasks for girl.s. The authors conclude

that

"The high proportion of significant
correlations across learning and problem-
solving tasks reveals the common dependence
of the two categories of tasks upon Ss'
ability to acquire new information and to apply
this information on subsequent trials and in
the solution of new problems." (p. 47)

There is considerable difficulty in drawing any

conclUsions from these studies with respect to human

abilities important to problem-solving. The primary

reason for this is the lack of similarity among the

problem-solving criteria used in the different studies.

The most that can be said is that some verbal reasoning

,and memory abilities appear consistently across studies.

In order to establish firmly what abilities are impoftant

to problem solving, it is necessary to have comprehensive

and representative measures of human.problem-solving which

are operational definitions of the definition established

earlier in this paper.
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Characteristics of Ideal Problem Solvinp. Tests

Cronbach (1955) was concerned with the testing

situation which would elicit the maximum response.

Thus he proposed that problems must be meaningful.

to the subject, must not degenerate into exercises

which make no demands on the higher mental processes,

and that the problem setting should be considered

carefully to remove distracting factors, Ray (1955)

suggested two additional requirements for problem-

solving tests; that they should have a scoring continuum

rather than a simple pass-fail. score;'and that they

should provide the test administrator with the maximum

amount of knowledge about what the subject is doing.

John (1957) put forth a number of criteria for problem-

solving tests in accordance with his dictum that the

problem-solving process should be accessible for direct

observation; He proposed that such tests should (1)

start the subject with a standard minimum of information

about a problem and then require him to structure his

own presolution behavior with a minimum of externally

imposed constraints; (2) be maximally free of special

skills, special knowledge, or experiences peculiar to a

given culture; (3) be constructed so that the effect

of familiarity with the generic tasks is minimal in

order to facilitate the construction of equivalent forms;
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and (4) have a format which presents the subject with the necessity

to interact with real events rather than abstract.

These criteria have been principally concerned with

problem solving in a laboratory setting. }<Gisler (1969)

took a different point of view, in that he was interested in

tests usable in the classroom. His criteria are summarized

in the following 11 points:

I. The population of problems sampled by the test

,-, should be appropriately defined.

2. The population of problems should be an important

one.

3. The test should not be inadvertently confounded

with assessment of prerequistie 'earnings.

4. The conditions under which the test is given must

be clearly specified.

5. The test should indicate how well the child was

following the appropriate procedure leading to

the solution.

6. Increasing number of cues should be used to

find out how much assistance the learner requires.

7. On some occasions the student should be required

to provide an oral or written account of his own

covert procedures, assuming such self-report

36
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does not interfere with the pro'.:.lem-solvinz

process.

:%roLlem solvinT can be is:.;essed

*.,hrcugh lne 'ec: oi anu soutions.

ii. iroLlem cmrcbern

8olvin(. asLest.Li under standard:-

iLed crt

change sould

disc: !,e nor

ll t a practical 11.evel, a tes7. of Troldem solving

snoult be amenable to,Eroui: presentation if at

all posibik:.

Covinp-ton pr-.?ss) reflected tese concerns by

concludin7 that tec:.niues are needed which reflect,

as fully d3 possible, the rich complexities of creative

thought, w,lich eller:. for tie distinctive dispositions and

cognitive styles of tne.crcative person, 1.u. wnich, at the

same time, permit a reasonable degree Of standardization

and the uc of objective. scorinF: procedures.

In terms of concerete criteria for problem-solving

tests all of the uoint!, made by the abOO writers appear

to be summarized in tbe ..f.11owing:

.Tasks selectee for problem-solving tests should be

complex; i.e., they shoul riot he Inc:rely siple

eXercises, but rather problems in which
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there are a large number f steps from an

initial st,te to a final state, or a reasonably

large number of attributes.

2. P-4'--mrre',, on th- t-s÷ ccul h . minimally

-elated to prev:_cus learning which could

differentiate individuals at the time of the

test.

2 The problems should command-the attention and

interest of the subject so as to insure an

adequate level of motivation for optimum

perforrrance.

4. The test should yield a variety of continuous

measures ooncrnng the outcomes of presb'em

solving, the processes, and the intellectual

skills involved.

;). The test should contain a minimum number of

constraints on the types of problem-solving

behavior the individal may engage in.

6.. The test should demonstrate both reliability

and validity.

7. The test should be practical for group

administration.

7roblem Sol-ring Tests

A number of tests have been developed to measure

problem solving in general or in specific areas, but it
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is debatable 1 :hether or not any meet the above iteria

for an ideal test. FP1rihusPn et. al. (1971) report

four classes of tasks present in the literature which

have been used to invest, 1,..e problem solving. ThP:".e

or (1) Puzzle-insight -rc.-.:lomc, (2) process problems,

(3) component tasks, and (L) real-14fe. relevant tasks.

The first set of tasks, the puzzle-insig,ht problems

have been the tools for most f the classical investi-

ga-"ions of orobler solvins. Perhaps the most famous of

thse are Maier's TT-o-Str-s and Hatrack (l9'.5) problems,

Dvncker's (1645) be problem, 1arnin's (1942) Water Jar

prblems, Katona's (1940) !atchsticks problems and anagrams

(Johnson, 1266) . p.11 these tacks are basically artificial

intellectual games in which tile initial conditions and

final goal are precisely stated, and there are a

severely limited number of rays to go between the
4,

The second type of problem task, the process

h-4v,. been used in research which focuses

primarily on the processes of problem solving. This

type includes switehli3ht problems (John, 1957; Tyler,

19::'6; Davis, 1966; Davis, Nanske, and Train, 1962),

the verbal maze problems of Hayes ;1965), simulated

problem situations, (Glaser, Damrin, and Gardner.

195: Rimoldi, 1960; McGuire and Pabbott, 1967; Streufert,

Kliger, Castore, and Driver, 1967; Nattress, 1971), and

conce?t identification (Bruner, Geodnow and Austin, 1956;
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Clark, 1971; Bourne,-Zkstrand, & Dominows?i, 1971). The

common element to each of these tasks is a structure

where there are a number of discrete decision points

where an individual's choices can be recorded. The

r:;71.11t is a record of all a subject's decisions throup::,out

thc course of the problem which can be studied and pro-

cesses and strategies inferred.

The corponent skills and abilities involved in

problem solving are the primary concern of the type ,

. 1Pb-lled "component problems." Included in this category

are the ..;attery of tests used by Guilford (1967 to

establish the Structure of intellect model of intelligence,

the Torrance Tests of Creative Thinkins (TTCT; 1'7766a),

Un:'nished Stories (Lundsteen and. Michael, 1S66). and the

Purdue Elementary Froble olvir, Inventory (Feldhusen

et. al., 1971). This type of test is based on a

ther-,retical approach which maintains that problem solving

is carried out by the efficient employment of a wide

variety of skills. Thus in order to measure problem

solving behavior, it is necessary to observe behavior

related to each one of these skills. Consequently, eac'.-.

of the tests is deigned to tap one specific ability by

presenting highly specific problem Situations which

precisely defined initial conditions and criteria for

problem solutions.
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The fourth type of problem solving test consists

of those tests which place great emphasis on problem

situations which represent "real-life" situations

and are relevant to the concerns of the student. Tests

of this type are Crutchfield and :',ovingtonis (196':,)

The O'd Black House, The Man in the Pit, and The Missing

Jewel, (1968) Creative Design Test, and Treffinger's

(1'370) Solving Problems12. These are tests similar to

the component type in that the measures are the same

but they place grcatr,x emphasis on motivating Ss to

perform as well as ?ossible by solving relevant problems.

Evaluation of Problem Solving Tests

the instruments from these four categories of

problem-solving measures\however, 'o not necessarily

-mee,,t:all of the criteria. for an ideal problem-solving

test. With respect to thecriterion of problem

complexity the puzzle-insight -problems do not cualify,

since the tasks are fairly simple.in nature, having only

a few components to work with. The other three types do

meat this criterion in that for any of these problems

the structure may be as complex as desired. As an

examole consider the medic,711 diagnosis simulation. When

the S is first_ given the problem he has a number Of choices

as to action are contingent upon this choice is additional

information and other choices which lead- hrough a
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large network of decisions to a final diagnosis and

treatment.

The second criterion, that of effect of previous

particularly important to those types of

tests which are hihly- task specific in nature. Xost

of the puzzle-insight problems have a-relatively simple

if unusual solution or strategy for solution which is

easily -remembered once it has been encountered. Thus

for those people who have encountered the task before it

becomes a test of memory rather than a test of problem

solving. This would appear to be a difficulty with all

those which et-eive -Fer relevancy, since if the problem

situation resembles too closely past experience, memory

becomes. the dominant influence rather than more complex,

and perhaps more important, skills. Those tasks which

depend little on past expereince or. on a level of

experience common to all Ss, such as concept identification,

verbal.mazes, some of Guilford's tests, or the TTCT,

should be more able to tap skills other than memory.

Unfortunately, those same tests which are the least

affected by past experience are those most likely fail

the third critericn, an adequate level of motivation.

The prime purpose of this criterion is to insure a

generally uniform level of motivation to undertake the

problem task. When the task cannot be related to past

experience, ether types of motivating forces, such as
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intellectual curiosity, social pressure. or exterimenter

pressure must be relied upon to produce the motivating

force. Yet these vary greatly from person to person

In terms of susceptibility so that a much larger range of

motivation is produced and there is.consequen-"ly

spuriously increased rang', of performance on the task.

Thus those tests which are least likely to hold the

interest of the student such as the ratchstick problems,

concept identification problems, or the TTCT are most

likely to fail to meet this criterion, while the medical

simulation, the war game simulation, the PEP3I, and

The Old slack Liouse are more likely to capture the

interest of the student an f; thus provide more uniform

1,..vels of motivation.

The fourth criterion. which is concerned with the

measures provided by the test, is particular to the

puzzle-insight problems. In order for a problem-

solving test to be of maxi:rum utility, it must yield a

maximum amount of information about the problem-solving

behavior of the Student. The puzzle-insight problems

have been primarily concerned with time to solution,

number of mistakes or inappropriate solutions, and

number of hints necessary for solution. These are

end-product measures and provide little

information about the procci'ses or skills involved in

problem solving. The process problems supply a great

43



3 3

deal more information, due to the fact that the S

is followed through the problem by the decisions

he makes at each point. Thus in addition to the end-

pro6uct measures, information is also available on the

used, the efficiency of the strategies, and

the sequence.of typesof decisions. The component and

the "real-life" problems provide a different kind of

information. Again these are end product measures,

but these have to do with the proficiency of the

individual in the individual skills which theoretically

facilitate problem solving behavior. Thus it would

appear that the process tasks yield the greatest

amount of information about actual problem-solving behavior

and consequently best satisfy the fourth criterion.

Constraints, the subject of the fifth criterion,

are evident in all of the tasks cited above. The only

issue is which one demonstrates the least number of

constraints, since it is obvious that some constraints

are necessary, in order that problem solving behavior can

-occur at all. However, some types of problems such as

the puzzle-insight type present a high number of

constraints upon the strategies usable for solution or

the solution itself. The component problems generally

suffer from the same difficulty due to the highly

specific nature of the tasks. perhaps the process

problems again best satisfy this criterion since they

I
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provide a number cf possible paths to solution, though

the multiple solution component problems such as the

TTCT also have a low number of constraints on the solution.

The reliability and validity of problem-solving

tests, the sixth criterion, has not been a subject for

intense investigation. In most research in problem

solving, the task has been the object of investigation

rather than the task as a manifestation of a larger

and more generalized set of behaviors. In such cases

reliability was unimportant since the individual only

performed the task once, and validity was irrelevant

since generalization to other types of problems was

not attempted. However, some validity evidence does

exist. Mendelson, Griswold and Anderson (1966) reported

that performance on anagrams was related to a measure

of intelligence. A consistent positive relationship

between intelligence and concept identification 'per-

formance has been demonstrated (Hoffman, 1955; Osier

and Five., 1.961 Denny, 1966; Whitman, 1966; Bunderson,

1967). The validity of the TTCT has been investigated

and found acceptable in a number of studies (Torrance,

1966b). But, for the majority of existing problem

solving tasks, the criterion is not satisfied.

The final criterion, practicality for classroom

administration, is satisfied by few of the existing

measures. Most of the puzzle-insight problems are
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individually administered as are the verbal mazes,

switchlight problems, and concept identifiCation tasks.

The Natchstick problems. (Katona, 1940), anagrams, simulated

prolerri situations and all of the comnon nt and "real-

life' problems ev t in a form for group administration.

However scoring is often a difficulty with these-tests,

since responses to such tests as the TTCT, and the

Cre'etive Design Test, must be rated by judges in order

to derive numerical scores. Thus it would appear that

most of the tests are beset with problems in relation

to practical concerns.

In choosing a representative set of tests of problem-

solving behavior according to the stated criteria, it

would appear that those measures in the process category

are best qualified as ideal problem-solving tests.

That is, they should yield the maximum amount of in-

formation about the eprobleM-solving process and reflect

the utilization of a sizeable number of human abilities

and skills. The Component problems-, while they appear

to qualify by most of the criteria, are not useable

.due to the fact that they are based on pre-existing

theories concerning the skills involved in problem-.

solving behavior.

Yet as stated above, the tests in the process

category are far from perfect. A number of improvements

need to be made before they would come close to meeting
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the criteria for an ideal test. The verbal maze problems

need a higher level of motivation, evidence for

reliability and validity of the measures yielded, and a

forr-, which is ars...nale to a large ;,roue testing situation.

The simulated problem situations satisfy most of the

criteria except that they need to be constructed so as

to rely less on past experience, and be supported by

more evidence for their reliability and validity. The

concerti identification tasks need t higher level of

motivation, and a form which is useable in classroom

testing. Finally all of the tests are restricted to single

solution problems while for purposes of complexity and

verisimilitude multiple solution problems would be

aporopriate.

Thus it would appear that a set of tests which would

provide the most representative sample of problem solving

behavior are-the
proce sL-, problems, specifically mod-

ifications of the verbal mazes, the simulated problem

situations, and the concept identification tasks.

Summary.

Problem-solving has been defined as the process

by which the problem solver starts from an initial

state and proceeds to a goal, where the specific means

by which this is accomplished are not initially known

to the problem solver. The models of problem solving
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which were discussed, hypothesized that a number of

different processes and human abilities were involved

in problem solving, i.e. it is a complex cognitive skill.

The empirical studies of human problem-solving abilities

have revealed that this hypothetical assertion has some

basis in reality. Finally a number of criteria.for a

sufficient operational definition of problem solving

were discussed, and it was concluded that tests which

are concerned with processes in problem situations met

most of these criteria.

Problem Statement

The purpose of this study is to establish a set

of human abilities which are related to efficient

human problem solving. Specifically, this study will

build upon the results of Merrifield, et al. (l962)

by .attempting to relate a number of human abilities as

specified by the SI model of Guilford (1967) to a set

of problem-solving measures which meet the criteria for

an ideal problem-solving test. These SI tests will

be concerned with all the operations applied to semantic

content that result in products identified as relations,

transformations, and implications, through which in

certain cases may include units, classes and systems.

The only content dealt with is semantic since the tests

must necessarily present problem situations through

verbal statements and responses must be made in the same
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manner. All oncrations are included since it is possible

to reasonably identify actions taken in problem solution

which might involve cognition, memory, divergent and

convergent nroduction, and evaluation. Also the products

emphasized are relations, systems, transformations, and

implications .since these products' would anpear to be

more important to complex problem situations. Though,

these tests are specified by the Si model, they include-

tests representative of almost all factors important

to problem-solving as cited in the review of empirical

studies.

Finally the population of .interest will be fifth

grade public school students. Children at the age

level associated with this grade have generally mature

cognitive skills. They are able to d.,al with verbal

material with reasonable ease (XcCandless, 1967) and

probably lack the background of experience in solVing

problems 'which might obscure. the workings of problem-

solving strategies. Thus problem- solving tesLs for this

ago level shou;_d yield a valid sample of problem

solving behavior.

- ,in order to Jfulfill purposes of this study

the following specific objectives have been formulated:

1. -To adapt the verbal maze, the simulated

problem situation, and. concept identification

tasks with both single and multiple solutions
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to groun administration with elementary

school students.

2. From the test results gathered on a set of SI

tests and the problem-solving criteria, to

determine the simple relationship between each

of the abilities and the measures from the

criteria.

3. To determine a structure underlying performance

on the ability measures and the criteria.

4. To determine the predictability of performance

on the criteria from knowledge of the abilities.
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METHODOLOGY

In this chapter the development of the criterion

instruments will be described in terms of the samples

used, the developmental procedures followed, the

content of the instruments, the scoring procedures, and

the collection of reliability data. Then the primary

study will be described in terms of the sample employed,

the instruments used, and the analyses carried out on the

collected data.

Criterion development

LlaaL2a.

Two different samples -,-ere required. The first

sample consisted of approximately 30 fifth grade

students from a rural Indiana elementary school.

This sample was employed in the preliminary testing of

the criterion instmments. The second sample consisted

of 140 fifth grade students from two upper middle-

class elementary 'schools. These students comprised six

classes, three in each school. This sample was used

for determining the test-retest and alternate forms

reliability of the criterion instruments. Two classesy

one from each school, were used in collecting data for

each of the three types of instruments.
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Instrument development.

Simulated problem situations. The simulated

problem situations were based on the work done by

McGuire and others (McGuire and Babbott, 1267) at the

Center for Educa-,:ional Development,, University of Illinois

College of Medicine in Chicago. The prototype of this

instrument was originally used to measure physician's

competencies in patient management situations. The

rationale for use of this type of instrument was that

it provided problem situaticns which could be relevant

to the concerns of the population of interest and at

the same time yield a number of measures of the problem-

solving process. .

Four forms of the simulated problem situation

were developed: a multiple solution problem, a single

solution problem, and an alternate form for each. The

problem situations chosen were as follows:

1. The-New Bike - multiple solution problem.

In this problem the S is presented with a

situation where he desires to purchase a

bicycle he has seen in a store window. A

number of ways of obtaining the money are

made available to the S, and he must choose

among these in such a way as to earn the

necessary amount of money in a minimum amount

of time.
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2. Free Ice Cream - multiple solution problem,

alternate form. In this form, the S is

presented with a situation where the local

ice - cream store it offering a prize, of a

year's worth of 5f,ee ice-cream in an ecology

drive to clean UD the town. In order to win

the prize, the S must earn a given number of

points, points are earned by planting trees,

recycling a variety of materials, Or picking

up trash in public places. Again a time limit

is set.

3. The State Fair - single solution problem.

In this form the problem situation is one where

the S wants to go to the State Fair with

friends, but must find the price of admission.

The money is.somewhere in the house, but

the location is not known. The S must search

through the house in order to find the money

which is hidden, taped to the bottom of a

dresser drawer in the S's bedroom.

4. The Missing Friend - single solution problem,

alternate form. In this form the problem

situation is one where the S is supposed to take

a friend to a club meeting after school so that

the friend may join the club. However, the friend

is not at school in the afternoon. The S must
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find the friend and take him to the meeting

before the club adjourns for the afternoon.

After choosing the problem situations, a problem

map was created for each problem. Figure 6 details

the problem map for The State Fair. The purpose of the

problem map is to specify all the steps the S may take

in-solving the problem,and the order that they may be

taken. The problem map involves three different

symbols. Squares denote information provided to the S.

The hexagons denote a decision that the S must make.

The triangles represent points in the problem where the

S may quit or where a solution has been found. Arrows

indicate,the direction of movement through the problem

map.
ti

To indicate how this works, refer once again to

Figure 6. The box entitled Start specifies that the

S is given the statement of the problem; the S is told

that he must find the money in order-to'go to the

State Fair.. Then the S proceeds to a decision point

where he must decide to do one of three things: (a)

look in the hall closet, (b) think of possible places

the money might be, or (c) ask mother for the money.

The first and third choice give the S additional

information and direct him back to the decision point,

with the instruction to make another choice. The S
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proceeds in similar way through other information boxes

and decision points until he reaches an exit box. It

should be noted that in the cases of The New Bike, and

Free Ice Cream that information boxes also sometimes direct

the S to the fact that he has earned a certain amount

of money or points, and that it has taken him a given

number of days. It should be noted that the path taken

by different S's will depend on the choices he makes, and

may differ from S to S.

The next step in the instrument development process

was'to put the problem map into a format suitable for

classroom administration. For this purpose, the problem

map was divided into sections containing a decision

point and one or several information boxes. These

sections became pages in a test booklet. Figure 7

is a reproduction of the first section from The State

Fair. The initial paragraph gives the pertinent

information for that section. After reading this, the

S must make a decision based on this information plus any

other information he may have collected. Decisions are

made by choosing one of the alternatives listed at the

bottom of the page. The box beside each alternative then

gives the S feedback directions on which section to go to

next, how much money or points he may have earned and

days he may have spent by choosing the alternative, or it

tells him that he is finished with the problem.
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Figure 7. Sample section of The State Fair simulated problem.
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THE STATE FAIR

Let's pretend that somewhere in your house you have

hidden a $5 bill. You have been saving it for something

special. Now something special has come along - the

State Fair starts today. There will be lots of rides

and other fun things to do. Your friends are all

planning to go to the fair this afternoon. You need

the money so that you can get in with your friends and

enjoy the rides. There is only one problem - you

cannot remember where you hid the money. You are sure

it is somewhere in the house but you don't know exactly

where it is. Which of these things would you do first

in order to get the money to go to the fair?

1. Look in the hall closet 1. There is nothing in the

because closets are good hall closet but coats.

places to hide things. Make another choice.

2. Sit down and think of 2. Go to Section B.

some of the places you

might have hidden the

money.

3. Ask your mother for the 3. Your mother will not give

85 since she just got paid you the money since it

two days ago. must be used to buy

Figure 7

58

food. Make another

choice



48

A special process was employed to provide the

informative feedback given in the boxes next to each

alternative. In order to prevent the S from reading

all the informative feedback, and then choosing the most

reasonable alternative, all information in the feedback

boxes in each section was printed invisibly on the page.

This was accomplished through the use of the Latent

Image Process system manufactured by the A. B. Dick

Company. In this method normal DITTO Masters are

prepared with the visible printing, and then the

printing intended to be invisible is placed on the master

using regular master and a speCial imprinting sheet,

the Latent Image Master. When the resultant master is

run on a duplicating machine, the printing which is

intended to be invisible is imprinted into the page,

without becoming visible. A special pen, called the

Latent Image Developer Pen, is used to bring out the

invisible printing. The pen is rubbed over the area

where the printing is located and the printing becomes

visible against a light yellow background. Since the

S.develops only those feedback boxes corresponding to

the actual decisions he makes, a trace of the decisions

which the S.makesvhile solving the problem is preserved.

The next step in the developmental process involved

trying out the preliminary version of the instruments on

a small group of fifth graders. Feedback was collected
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on a variety of topics such as readability, clarity of

directions, necessary time limits, workability of the

Latent Image materials, the amount of assistance needed

by the Ss. The feedback information gathered from the

first testing session used to revise the instrument.

The. most significant revision was the creation of a

sample of the instrument to acquaint the Ss with the

workings of the Latent image process and how to follow

directions given in the. instrument. This tryout and

revision process was carried out twice more after this

first trial, before the instrument was judged ready

for reliability testing.

In order to score the simulated problem instruments,

the order of.developed responses as they appeared in

the test booklet was transferred to a mark sense

scoring sheet. These score sheets were read, and punched

cards were produced which contained an ID and a number

of punched columns corresponding to the possible

number of choices for that particular form. Thus for

The State Fair there were 30 columnS since the problem

has 30 possible choices. Each column contained a 1 if

the corresponding feedback box was developed and a 0

otherwise. These cards were submitted to a computerized

scoring program which calculated a number of different

measures depelding on the particular form of the test.
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Fpr the two multi)lc solution instruments, The

New Bike and Free Ice Cream, the scoring program calculated

nine measures. The first :wo variables dealt with the

type of finish; the first indicated whether the S quit,

stopped or successfully solved the problem; the second

indicted whether or not the S had met the conditions of

a successful solution. The third variable was the number

of dollars or points earned. The fourth variable

indicated the number' of days the S used in earning

the points or money. The fifth variable was a strategy

mea3ure. This was calculated by comparing the decisions

made by the S with those necessary for a sure logical

solution to the problem. The number of decisions in

common divided by the total number decisions in the

sure logical solution times 100 became the strategy

measure. The sixth measure served as an indication of

the amount of information used by the S. The measure is

also a ratio of. S's decisions to seek information to

the total number of possible information seeking decisions,

multiplied by 100. The seventh calculated measure indi-

cated,the number of decisions the S made which were

inconsistent with the information the S possessed or

direction, he was given. The score was the total number

of inconsistent decisions the 0 made while working on the

problems. The final measure derived from the instrument

was an indicator of the total number of decisions the S
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made in solving th rroblem. Duo to the fact that the

S was allowed to pass through several decision points

more than once, the total number of steps had to be in-

ferred rather than actually counted. These inferences

a.:c,medtat at thee partieular decis4n po;nts the S

always performed lorrically and according to tho given.

directions. :otal time to solve the problem was also

Tor the two Mint le solution problems, The State Fair

a-id The :.:issing Friend, the scoring program yielded five

measures. m'oasures consisted of the finish tYpe,

th strateEy, inconsistency, nlimber of stops, an.:1 time

scores. The calculations cf these scores were exactly

the same as describ,cd in the previc,2s paragraph.

"erbal maze problems. This set of problem-solving

criteria was adapt,,d from the tasks proposed by Hayes

(1955. T, the orvs:_nal t,as s , u learned lists of

paired names to a critrion of three perfect trials.

hey were then that the name pairs represented links

between pairs o: eries. Thoy were then presenterl vith

series of problem tasks in which the names of two spies

were riven and the was as:(ed to :rind a route to get

messa,te from th3 first to the scond. Ss were required

to carry out these take using only what they could

"work out in their heads."
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In order to adapt this type of task for use in

elementary school classrooms, it was necessary to

develop a group administered mode. The objective was
to develop four forms in this mode: a single solution
problem, a multile,colution problem and an alternate

fr-rm of each In order to design these forms, it was

necessary to develop the lin'<ages between names which
could again be portrayed as problem maps. The maps for
the four problem are given in Figure 8. The nodes in
these maps represent the spies who are linked by the

interconnecting lines.

After the maps were specified, common English first
names were assigned to each of the nodes. These names

were then formed into pairs based on the linkages given
in the mv.ps. Test booklets were then constructed with an
example, a single solution problem and a multiple.

solution problem included. The format of each problem

consisted of a brief introductory paragraph giving the

name of the spy sending the message and the name of the
spy who was to receive it. Then followed a list of spy
name pairs which completely described the probleM map.

The rest of the page consisted of lines of connected

boxes. Figure 2 is an example of such a page. The S

was told to use each line to attempt to find a solution

path by writing connected spy n-ame8 in successive boxes.
If the S came upon a dead-end, he was instructed to
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restart on a new llne. Finally Ss were instructed to

write down the clock time when they had found a solution.

1. Single solution Verbal Maze problem map.

Tcd

Connie Dean

Dwip-ht

TFreda Seth Karen

Judy Sarah

2. Multiple solution Verbal Maze problem map.

Ted

a--
Connie

.13en

Karen

Dwight Judy Sarah

3. Single solution Verbal Maze problem map - alternate.
form.

Ned Shirley

1:on T, Ann

Al Beth

Dick

Fred

6
Debby

4. Multiple solution Ver':)al Maze problem map - alternate
form.-

Al Dick
r
,

1

Ned Ron Ann l DebbyShirey Gary $ rred Debbya;.)- 0____----41_____--.0
$

Beth

Figure 8. Problem maps for the Verbal Maze problems.
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With some groups of spies, there may be more than oneway. to pass the message through the ring. Below is a'list of spy-name ?airs that contains more than one path.Using the same directions s before, try to find as manypaths as you can f'r7r the message to travel from Judy to"2ed.

rr72,-; 7rcda
Dean -- 3en
Judy -- SF.-z,ah
Prda i)ean
Dwight -- Den

Sarah -- Seth
Freda -- Dwight
Seth -- Yaren
Dean -- Ted
Judy -- Seth

H,.. .M1

ti

F-11 r-1 I
-

7-1 I F-11_171_

Figure 9. Example of a 7erba7.. Xaze problem.
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The first developed forms of these instruments were

administered to the. tryout sample. Information was

collected with respect to clarity of directions, ease

of utility of the rr'oblcm format, and time requirements

for completion of the task. The forms were revised twice

with intervening tryouts, before the.instrument was

judged ready for reliability testing.

The verbal maze instr=eht yielded three measures
for the combined single and multiple solution problems.

The first of these measures was the total number of trials

used in finding all solutions. The second measure was

the total time taken to find all solutions. The third

and final measure was the total number of solutions found

in both the single and multiple solution problems.

Concept Identification Problems. The primary objective

in the development of concept identification tasks was

to construct, a suitable format for group administration

of concept identification tasks. First, however, the

concepts had to be defined. In parallel with the other

developmental efforts, four target concepts were identified.

Exemplars consisted of single abstract geometric forms with

four bi-valued dimensions., The dimensions were: (1)

Large - Small, (2). Square - Circle, (3) Two holes - Four

holes, (4) White - Crosshatched. Two dimensions were

relevant and two were irrelevant. The four target concepts

consisted of two eonjUtetive concepts and two exclusive

6
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disjunctive concepts. The conjunctive concepts were
LURBs (Two hole, Squares) and FLIXes (Four Hole Circles).
The disjunctive concepts were DROOGs (Crosshatched or
Square but not both) and ::.IL Gs (White or. Square but not
both).

The presentation mode was modeled after the selection
paradigm (Bourne, et al., 1971). Thus all permutations
of the exemplars were presented simultaneously on one
page. Figure 10 details the form of each exemplar.
The letter identifies the particular exemplar.

H Yes THIS IS flOT A FLI>

Nc Laam_ya2121_,Taall

Figure 10. Typical exemplar for the concept
identification task.

Feedback was provided to the S by means of the boxes

following the. YES and NO. For each exemplar the S
had to decide whether it was or was not an example of
the target cocnept. If it was, the S chose the YES
box, otherwise the DO box. The feedback was provided in
Latent Imarge form and the S indicated his decision by
coloring in one box or the other with the Latent image
Developer Pen. The revealed printing told the S whether
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or not the exemplar was or was not and example of the

target concept. For each problem, one positive exemplar

was chosen as a focus. In order to record the sequence

of exemplars the 3 considered, he was required to write

the identifying letters across the top of the page in the

order he looked at the exemplars. Ss were required to

respond to all 16 exemplars. All four forms are presented
a

in the Appendix.

The four forms were developed and administered to

the tryout group. Feedback was collected on the clarity

of the directions, the diffictity of the problems, and

usability of the problem format. It was found that the

directions were quite difficult to understand, and" so

sample problems were constructed to explain each problem

and familiarize the Ss with the format. This revised

for;:;' was tried out twice more and revised before it was

judged ready for the reliability testing.

The concept identification tasks yielded four

measures. In order to obtain these measures the sequences

of exemplars as they were considered by S and the decisions

made were transferred to punched cards. These cards were

submitted to a computerized scoring program which calculated

three of these measures. The first measure was the number

of errors in exemplar identification made by the S. The

next two measures were based on the scoring procedures

detailed in Laughlin and Jordan (1:)67) and were measures
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of the focusing and scanning behavior of the S. In
order to calculate.these treasures it was necessary to
assume that the number of errors was equivalent to the
number of exem?lars used by E to identify the target
concept. The final measure was the total elapsed time
the S took to work his we)y through the 16 exemplars.

ReliabIIty Study.

Procedures. Two types of reliability measures
were obtained for each of the three types of problem-
solving criteria. These were immediate alternate forms
reliability and two week test-retest reliability. Table
1 summarizes the types of reliability information
obtained for each form.

Table I

Summary of the types of reliability
informationobtained for each problem solving criterion.

Test-retest Alternate Forms

Simulated problem situations

1. The New Bike

2. Free Ice Cream

3. The State Fair

4. The Missing Friend

Yes Yes

Yes

Yes

Yes

69



Table 1 (continued)

S9

Test-retest Alternate Forms

Verbal Maze Problems

5. Single solution 1:1 Yes Yes

8; Multiple solutions Atl Yes Yes

7. Single solution 2 Yes

8. Multiple Solutions #2 Yes

Concept Identification Tasks

9. Conjunctive LURB Yes Yes

10. Disjunctive DROOCs Yes Yes

11. Conjunctive FLIXes Yes

12. Disjunctive RILGs Yes

In the first testing session, two classes (one

from, each of the sample schools) received The New Bike

and Free Ice Cream problems, two classes received the

single and multiple solutions verbal Maze problems

#1 and #.2 and two classes received all four concept

identification tasks. Due to procedural difficulties,

The State Fair and The Missing Friend were not administered.

For each type of problem-solving criterion, the test

administrator first introduced the problem tasks. Then

a short example of each task was worked out with the

class as a whole, to make sure that Ss understood the

nature of the task and the mechanics of the testing
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situation. Es were instructed to write down the clock

time after they had solved each problem. Testing

sessions were limited to a period of 60 minutes.

In the second testing session the test-retest

data was collected. The first two classes again received

The l; eV: Bike plus two other problem solving tasks.

The second two classes again received the concept

identification tasks with targets conjunctive concept

LURB and disjunctive concept DROOG, plus two other

Problem solving tasks. In the third set of two classeS,

one of the classes again received the Verbal Maze

problem single and multiple solutions V1 plus another

problem solving task, while the other received the same

verbal maze task plus The.State Fair and The Missing

Friend. Again the testing sessions were limited to

060 minutes. Powever, due to procedural difficulties,

not.all classes were instructed to write down the clock

time upon completion of their problems.

Analyses. The data was subdivided into test-

retest and alternate forms reliability groups for each

of the. problem-solving criteria. Pearson Product

Moment correlation coefficients, means, and standard

deviations were calculated for each of the test-retest

and alternate forms groups for each of the measures

listed below:
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A. The New Bike and Free Ice Cream

1. Honey or points earned

2. Days used

3. Information score

4. Strategy score

5. .Inconsistncv score

6. .flumber of steps

B. The State Fair and The Missing Friend

1. Strategy score

L. inconsistency score

3. Number of Steps

C. Conjunctive Concepts LUFBs and FLIXes

1. Number of errors

2. Focusing score

3. Scanning score

D. Disjunctive concepts - DROOGs and RILGs

1. Number of errors

E. Verbal Maze Problems

1. Total time to solution

2. Total number of trials

3. Total number of solutions

Summary. The reliability study of the problem-solving

instruments completed the development portion of the

project. The criterion instruments had been developed

and judged ready for use in satisfying the primary

objectives of the overall study.
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The Problem Solving Abilities Study

In this section the sample, instrument preparation,

and administration procedures will be described. In

addition, test scoring procedures and data analyses

will be delineated.

Sam:)le.

The sample for this study consisted of 490 fifth

grade students from 18 classrooms. These classrooms

were located in six schools of the Tippecanoe School

Corporation. Ss came from a wide variety of SES levels,

but generally shared a common cultural heritage. Ss

were generally of average intelligence, but the sample

covered a wide range of intelligence levels. The age of

Ss averaged 11 years.

Instruments.

The instruments used in this study consisted of

two sets. The first set was comprised of 17 tests drawn

from the set of tests used by Guilford (1967) to

establish the Structure of Intellect model. These are

summarized in Table 2. The second set of tests were the

problem-solving.tasks cleveloped in the first part of

this study.

3
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Table 2. A Classification of the 17 SI tests.

Processes Products

Measure CMDNE .UCRSTI

Word Completion X X

Word Linkage X X

.Plane Flight Test X X

Apparatus Test X X

Remembered Relations X X

Learned Information X X

Related Alternatives X X

Utility Test-Fluency X X
-Flexibility X X

Controlled Associates X X

Expressional Fluency X X

Symbol Production X X

Sentence Order X X

New Uses X X

Sequential Associations' X X

Unlikely Things
' X X

Logical Reasoning X X

Judging Object Adaptations X X

46.10.00.1
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Word. Completion. The test represents-the SI

ability of cognition of semantic units, or verbal

comprehension.' Merrifield et al. (1962) found tests

of this ability were related to their problem-solving

measures. The instrument consisted of twenty words,

and the Ss task was to write a short definition for

each. To accomodate the developmental level of the pop

ulation of interest, the instrument had td be modified by

substituting a less difficult set of words. However,

the structure was maintained by using the same parts

of speech and choosing words of the same relative

difficulty at the fifth grade level, as the original

words were at the adult level. The'reliability of the

instrument was .62 (Sheridan Psychological Services,

1972). The score was the number of correct definitions.

Word Linkage. This test represents the SI ability

of'cognition of semantic relations, or the comprehension

of verbal relations. This test was included as a

parallel to Word Completion. Each item of the test

consisted of two words, between which there was a semantic

connection. The task of the S was to choose from a

list of three words, that word which represented this

semantic connection. To accomodate the developmental

level of the Ss, several items were eliminated due to

difficult words. Thus the test was shortened from 30

to 25 items. The reliability, using the Spearman-Brown
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Prophecy Formula was .70 (Sheridan Psychological Services,

1972). The score was the number of correct responses.

?lane Flight Test. This test should represent the

*SI ab4lty of cognition of semantic systems, a factor

sometimes called general reasoning. It was modelled

after the Ship Destination Test (Guilford, and Hoepfner,

1971). The ability measured by this test was found to

be related to problem solving by both Werdelin (1966)

and Bunderson (1967). S's task was to calculate the time

it will take an airplane to travel from one point to

another on a coordinate map. Travelbetween any two

points takes two hours. Several factors are introduced

which can affect this travel time at successive stages

in the problem. No reliability informationwas available

on this test so that the communality of .33 was taken as

the lower bound of the reliability. The score was the

number of correct responses,

Apparatus Test. ThiS test represents the SI

ability of cognition of semantic implications. The

ability measured by this test was found to be related

to their measures of problem solving by. Merrifield,

et al. (1962). Each item names a familiar object, and

S's task is to think of two possible improvements for

the object. Four items were eliminated due to the un-

familiarity of the objects. The reliability of the test,

using the Spearman-Brown Prophecy Formula was .72 (Sheridan
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Psychological Services, 1972). The score was the number

of acceptable improvements according to preestablished

criteria.

Remembered Relations. This test represents the

SI ability of memory for semantic relations, thatis,

the ability to store and retrieve information-ab( .t

verbal relations. Thetest was included because both

Stevenson, et al. (1968) and Bunderson (1967) found that

memory for verbal associations was related to problem-

solving behavior. The S is presented with a list of

relations between a variety of objects and is told to

study it'for 2.5 minutes. The S then turns the page and

answers a series of multiple-choice questions concerning

the relations on the previous page. Due to problems

with time limits, the test was.reduced from 40 to 20

item. The reliability of the Test, using the Spearman-

Brown Prophecy Formula, was .46 (Sheridan Psychological

Services, 1972). The score was the number of correct

responses.

Learned Information. This test represents the SI

ability of memory for semantic systems. It was again

included because of the findings of Stevenson et al.

(1966) and Bunderson (1967). The S was presented with a

set of paragraphs and given 5 minutes to read and

memorize it. Then the S was told to turn the page and

reproduce the paragraphs in the order given, to the best
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of his ability. At the top of the second page was

a list of keywords to stimulate recall. Scoring was

based on the correct order of the reproduction of the main

ideas of each paragraph, with a maximum score of 15 points.

Since the original paragraphs concerned the SI model and

the vocabulary was of high difficulty, it was decided

to substitute a parallel set of paragraphs with a

vocabulary suitable for fifth grades. The reliability

of the original - instrument was .64. Since no reliability

was available on the revised instrument, the communality

of .23 was used as a lower bound of the reliability.

Related Alternatives. This test represented the

SI ability of memory for semantic implications. It

was included for the same reasons, as the other two

memory tests. In this measure the S was given a study

page' which contained a list of surnames associated with

occupations, and given 2.5 minutes to study it. Then

the S was told. to turn the page and respond to a series

of multiple-choice items. Each item gave a surname and

the .6 was required to choose from a list of four objects,

the object which was associated with that person's

occupation. The score was the number of correct

responses. Due to several items which contained

occupations quite unfamiliar to fifth grade students,

10 items were eliminated. Thus the test was reduced from

30 to 20 items. The reliability, using the Spearman-
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crown Prophecy Formula, was .49 (Sheridan Psychological

Services, 1972).

Utility Test. This test represented two different

SI abilities, divergent production of semantic units and
Classes. These are more commonly called ideational
fluency and spontaneous flexibility. Merrifield et. al.

(1962) reported that divergent production of semantic

units was related to their problem-solving tasks.

Harootunian and Tate (1960) found that spontaneous

flexibility was correlated with their particular measure
of problem. solving. Thus, this test was included in the
study. The items are of a very simple nature. The
S is asked to think of as many uses as he can for a brick

and a wooden pencil. The responses are scored for number

of relevant responses, a measure of ideational fluency.

They.are also scored for the number of different ideas the
S produces; a measure of spontaneous flexibility. The

reliabilities of these measures are respectively .74 and
.64.

Controlled Associations'Test. This test represents

the SI ability of divergent production of semantic

relations. Merrifield et al. (1962) reported that this

ability was related to their measure of problem-solving,

and thus it was included in the study. In this test the

S was given eight words and told to write down as many

words as he could that meant the same or about the same
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as the given words. The score was the total number of

words that did, in fact, have a similar meaning as the

given words. The reliability of the instrument was

given by Sheridan Psychological Services (1972) as

.70.

Expressional Fluency. This test represents the

SI ability of divergent production of semantic systems.

It was included in the study in order. to discover if

the higher order divergent production abilities were

related to efficient problem solving. The form of the

task was that the S was given a sequence of four letters.

He was then asked to produce as many sentences of four

words as he could, in which each word started with one of

the four letters and the words were in the same order

as the letters. The S's score was the number of sentences

he could produce which met the stated criteria. Sheridan

Psychologice. Services (172), give the reliability of

this test as .67.

Symbol Production. This test represents the -SI

ability of divergent production of.semantic transformations.
This was included for the name reason as Expressional

Fluency: In this test the S was given a series of brief

'statements such as 'Airplane takes off". He was then

asked to produce an abstract symbol for "airplane" and

another abstract symbol for "takes. off". Due to time

limit considerations, the instrument was reduced from
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61 to 33 items. The S's score was the number of symbols

which were abstract, and in the judgement of the scorer,

represented the object or phrase. Reliability, using the

Spearman-Brown Prophecy Formulajwas .77 (Sheridan

Psychological Services, 1972).

Sentence Order. This test represented the SI

ability of convergent production of semantic systems.

It was included because Merrifield et al. (1962)

reported that higher order convergent production abilities

were related to problem'solving, but had not included this

ability in their study. In this test, the S was

presented with sets of three sentences about a particular

subject or event. The S was required to determine the

proper order of the sentences by numbering them in

the order they should appear. The S's score on this test

was the number of'sentence triples he ordered correctly.

Sheridan Psychological Services (1972) gives the

reliability of this test as .56.

New Uses. This test represents the SI ability of

convergent production of semantic transformations.

Merrifield et.al. (1962) reported that this ability was

related to their problem-solving measures. In this test

the S was presented with a picture containing a number

of.objects in a given setting. Below the picture were

listed a number of functions. The S was asked to find

objects in the picture which could fulfill the lis*:ed
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functions, with the restriction that the function would

be a new or unusual use of the object. The S's score on

the instrument was the number of items to which he

responded successfully in accordance with the given

criteria. The reliability of the test, as given by

Sheridan Psychological Services (1972) was .47.

Sequential Associations. This test represents the

SI ability of convergent production of semantic implications.

Merrifield et al. (1962) also reported that this ability

was related to their problem-solving measures. In this

test, the S was given sequences of four words. The task

was to number these words in such a way that there

existed a semantic connection between suceeding pairs

of words. The S's geore consisted of the number of

sequences which were correctly ordered. The reliability

of the test was .75 (Sheridan Psychological Services,

1972).

Unlikely This. This test represents the SI

ability of evaluation of semantic systems. It was

included in the battery because both Harootunian and

Tate (1960) and Bunderson (1967) reported that judgement

or evaluation was significantly related to their problem-

solving measures. In this test the S was presented with

a series of pictures, in which two or more things were

out of place, incongruous, or unlikely. Beside each

picture four alternatives were given. The S's task was
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to choose the two alternative's which were most unlikely,

incongruous, or out of place. The score was the number
of correctly chosen alternatives. Sheridan Psychological

Services (1972) gives the reliability as .54.

Logical Reasoning. This test represents the SI

ability of evaluation of semantic implications, or

verbal reasoning. Three studies found that this ability
was relatedto their problem-solving measures; Harootunian
and Tate (1960), Werdelin (1966) and Bunderson (1967).

The original. form of this test was too long and the

vocabulary too difficult for fifth graders. In order

to adapt the instrument, every other item was deleted

from the original form. Then parallel items were

constructed, so that the form of the logical proposition
was kept intact, but the vocabulary was greatly simplifed.

Thus each item remained a logical premise with four

alternative conclusions from which the S muWchoose

the one which logically follows. The instrument was

consequently reduced from 40 to TO items. However,

S's score remained the number of correctly chosen

alternatives.* The Spearman-Brown correction yielded a

reliability of .72 for the shortened test. However,

since the content of the items was changes the communality

of .35 was taken as the lower bound of the reliability.

Judging Object Adaptations. This test represents
the SI ability of evaluation of semantic transformations.
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It was included in the test battery because Harootunian

and Tate (1960) found that a judgement factor was

significantly related to their measure of problem-

solving. In this test, each item consists of an object

name and three alternative uses. The S was instructed

-to choose the alternative which was relevant and the

most unusual, ingenious, or clever. Due to the un-

familiarity of some of the objects names, five items

mere deleted from the test form. Similarly, the directions

required extensive rewriting to bring the vocabulary

down to the level of fifth graders. The Sts score was

the number of correct choices he made. The reliability

of the instrument, employing the Spearman-Brown formula,

was .u2 (Sheridan Psychological Services, 1972).

Problem Solving Criteria. Five probleM-solving

criterion instruments were employed in this study.

These were The New Bike, Th?. State Fair, LURBs, DROOGs,

and Verbal Mazes single and multiple solutions #1.

These instruments were thoroughly described in the previous

Section on criterion development. The measures yielded

were as follows:

1. The New Bike - number of dollars earned, number

of days used, information score,

strategy score, inconsistency

score and number of steps.
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2. The State Fair - strategy score, inconsistency

score, and number of steps.
3. LURBs - number of errors, focus score, scanning

score, and total elapsed time.
4. DROOGs - number of errors and total elapsed

time.

5. Verbal Mazes - total time, total trials and

total number of solutions.

Reliabilities of these measures are given in the RESULTS
section.

The above 22 tests yielded 31 reliable measures.
These measures became the basic data for analysis in
this study.

Procedures.

After the SI tests had been revised, the 22

instruments, were assigned to one of five one hour testing
sessions. Arrangements were made with each of the

participating schools for fiCree one hour testing sessions

in each of their fifth grade classrooms. These sessions
were spaced at one week intervals, over a period of

five weeks.

Eight test administrators were recruited, and each
was assigned to one or more classes. These persons

received pretraining in general test administration

procedures and were acquainted with the goals of the
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project. On each Friday preceeding a week of testing,

the administrators met and were introduced to the next

week's tests. They were acquainted with the mechanics

of each test, and possible testing problems were

discussed. In the following week those tests were admin-

istered to Ss in the sample. During each testing

session, the administrator kept a written log containing

anecdotal information about the progress of the testing

and appropriate timing information. Table 4 gives the

sequence of tests as the Ss received them.

After all testing was completed, the instruments

were scored. In the case of the problem-solving

criteria, the test responses were transcribed directly

to data sheets by clerical personnel, and then prepared,

for computer scoring. For scoring the SI tests, three

scoring judges were recruited. The 17 tests were divided

among these three people and each one became exclusively

responsible for scoring the assigned tests. The

procedure for scoring each test involved three steps.

The scorer first became familiar with the testrkpy and

scored a sample of about ten tests. The scorer then

went over these tests with the person in overall

charge of the project, to insure that the tests were

being scored properly. Then the scorer finished the entire

set of tests before moving on to the next set.

so,
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In cases where test scoring required judgement

upon the part of the scorers, the reliability of the

judging was assessed. After an entire set had been

scored, a random sample of 20 tests were drawn and

rescored by the same person. These sets of rescores

were then correlated with the original scores to

determine the reliability of the judges.

Table 4. Test administration sequence and timing

Session

2

information.

Instruments Administration
time (min.)

Utility Test 10
Controlled Associates 12
Verbal Maze #1 35

Expressional Fluency 8
Remembered Relations 9
Apparatus Test 14
Unlikely Things 10

Sentence Order
.8

Sequential Associations 6
Judging Object Adaptations 8
New Uses 9
Word Linkage 6
The State Fair 15

Word Completion 7
Plane Flight Test 8
Learned Information 7 1/2
Logical Reasoning 10
Concept LURB 15
Concept DROOG 15

Symbol Production
Related Alternatives. 9
The New Bike 45
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As each S's SI test was scored, it was recorded on

a data card for that S. Each S was assigned a unique

identification number which was recorded on each test

booklet. All this information was then combined with

the computer scoring output to make up individual cases

of data for each S consisting of all his test scores.

Finally, this information was placed on computer cards

and only those cases with complete information were

selected out for analysis..

Analyses.

The analyses for this study were aimed at providing

answers for three basic questions:

1. What are the simple relationships among the 21

measures derivedfrom the SI and problem-

solving tests?

2. how predictable are the performances on the

problem-solving measures, given the SI tests?

3. What is the nature of the underlying structure

of the SI tests and problem-solving criteria?

Information regarding the first question was derived

from the simple Pearson Product Moment Correlation

coefficients among the 31 measures. First, descriptive

statistics were generated for each of the measures.

These included means, variances, standard deviations,

ranges,, and skewness indices. Tne skewness index was
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examined for each variable and suitable transformations
were carried out for those variables which were highly
skewed. Using the set of variables, where the transformed
variables replaced their counterparts, the correlation
coefficients were calculated.

In order to obtain information regarding the second
question, stepwise regression analysis was perfOrmed
for each of the problem-solving measures. The computer
program used for these analyses was the REGRESSION sub-
program of the Statistical

Package for the Social Sciences
(SPSS; Nie, Bent, and Hull, 1970). For each of the

Problem-solving measures, this program yielded a multiple
R and R2

for each step, the change in R
2
from step to

step, and the order of entrance of predictors into the
regression equation. In order to determine the significant
set of predictors for each problem-solving measure, an
F test,

(R2 - R2) (N ml - 1)F 1

(1 R
2

) ')1 2

d.f. = (m
1 2
=m, ) (N-m -I)

for the change in R2
from step to step was applied. R1

is the multiple correlation for equation 1 which contains
m
1 predictor variables. R

2 is the multiple correlation
for the second equation with m2 p4pdictor,end N is the
total number of cases in the sample (Draper and Smith,
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1966). The significant set of predictors was the set

from the last step in the stepwise regression analysis

which caused a significant increase in R
2.at the 5%

level. The final R' was then interpreted as the amount

of criterion variance accounted for by the SI tests in

the significant predictor set.

The approach to obtaining information concerning

the third question, that of underlying structure, was

threefold. Firstsa conventional factor analysis was

carried out. An iterated principal factor solution

(Harman, 1967) was calculated from the basic correlation

matrix (Rpsa ). This yielded 27 factot; with positive

roots. These eigenvalues were plotted against the factor

number as specified in the Scree Test (Cattell, 1966a,

1966b). The scree slope was judged to begin at the sixth

factor, and thus the first five factors were considered

to.be relatively free of error variance. These five

factors were then orthogonally rotated by the varimax

procedure (Harman, 1967). The resulting solution was

judged not completely adequate due to a low hyperplane

count in some factors'and factor overlap on several

tests. An oblique Promax rotation (Hendrickson and White,

1964) was then carried out. In this procedure, a varimax

solution with ele nts a.. is used to generate a target
a.3

matrix W with rents w.. a a.. M+1/a... Thus each
3.3 J..3 13

element of W is the corresponding element of the varimax

90
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solution raised to the Mth power with the original sign

retained. A least squares transformation is then cdlculated

between the varimax solution and this target matrix

W by the "Procrustes" technique due to Mosier (1939)

and Hurley and Cattell (1962). The resulting transformation

is then applied to the original varimax solution, to

yield an oblique reference structure. This structure

was then used to compute the primary factor loadings, the

intercorrelations among the primary factors, and the

test - factors correlation matrix using the formulae

found inHarman (1967).

The second approach taken to the question of

underlying structure was to perform a canonical correlation

analysis (Hotelling, 1936). The first set was the SI

tests and the second was the problem-solving criteria.

First, canonical roots were extracted and correlated

linear functions of the SI tests and the problem-

solving criteria were calculated. In order to evaluate

the relative importance of the resulting canonical

vartates, the redundancy for each pair of linear functions

as defined by Stewart and Love (1968) was calculated.

The redundancy is a non-symmetric index which indicates

the proportion of variance extracted by a canonical

factor of the first set which may be predicted from the

corresponding canonical factor of the second set.. To

calculate the redundancy coefficients for each °set of
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linear functions, the test-canonical factorcorrelations

(i.e. the canonical factor structure) had to be calculated.

This was done by multiplying the matrix of intercorrelations

of the SI tests (R,i) by the coefficients of the linear

functions for the 'first set. A similar process was

carried out for the linear functions of the problem-

solving criteria. This yielded a set of factor loading

vectors s4, for the SI tests and a similar set t

for theproblem-solving criteria. The proportion of variance

extracted by each canonical factor of the first set

was given by the expression sisi/p where p is the

number of tests in the first set. A similar expression

involvingthet.'s and the number of variables in the

second set gives the proportion of variance extracted

by each factor in the second set. The redUndancy for

the ith function of the first set is then calculated by

the formula

Red
i

J-1
I)

x R
c

where R
ci is the canonical correlation for the first

set of linear functions. Again, the redundancy for the
.th

function of the second set is calculated by a similar

formula. These redundancy measures were then used to

evaluate the importance of the pairs of linear functions.

The third approach in investigating the underlying 92
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structure was to determine the relationships of the

problem-solving criteria to the SI structure represented

by the SI tests. In order to accomplish this, it was

necessary to attempt to force the SI tests into in-

dependent factors, as postulated by the SI model. This

was accomplished by extracting all factors with positive

roots from the SI tests intercorrelation matrix by

the iterated principal factor method. This yielded 13

factors which were then rotated to a varimax criterion

to achieve maximum uncorrelated simple structure. In

order to study the relationships between the problem-

solving criteria and the SI tests, this factor structure

was then extended to include the problem-solving criteria

by the method of Dwyer (1237) and Mosier (1938). The

procedure is specified in the following formula:

V = RI F (F'F) -1ps-si

where V is the matrix of extension loadings of the

problem-solving criteria on the SI factor matrix, R'
ps-si

is the intercorrelation matrix of the problem-solving

criteria with the SI tests. F is the varimax rotated

factor loading matrix of the SI tests. These extension

loadings were interpreted as estimated factor loadings

for the purposes of elucidating the inter-battery

relationships.
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Summary

This concludes the chapter describing the methodology

of the project. The development of the problem-solving

criteria has been described and the study of their

reliability has been delineated. The instruments

employed in the primary study have been described, and

the administration procedures have been outlined.

Finally, the analyses of the data from the main study

of problem solving were described in detail. in the

following chapter the results of the analyses will be

presented.

9
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RESULTS

In this chapter the results of the two studies

will be reported. First,the results of the reliability

study will be presented. Then, the results of the

primary study of problem solving will be reported.

Reliability Study

The reliability study attempted to determine the

reliability of the problem-solving criteria developed
in the first part of the study, by two different

methods. The first method sought to establish the

reliability of the irAplments by administering them
to the same group of subjects twice, with an interval

of two weeks between administrations. The means and

standard deviations for each of the measures derived

from the instruments for the first and second testing

sessions are given in Table 5. In addition, the

distribution of finish types and legal finishes for

The New Bike are reported in Table 6.

For The New Bike only 17 of 42 Ss indicated that they

solved the problem of the'first occasion and 5 of the

were not justified, while in the second session 26 Ss

successfully solved the problem. Since the inconsistency

score was extremely positively skewedl.a logio trans:
. formation was applied, and these are the means reported

in ,the table.
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Table 5. Two week test-retest means and standard
deviations for the reliability study of the
problem-solving criteria.

Measure
Session 1 Session 2

Mean S.D. Mean S.D.

The New Bike 11.2t42

Money ,arned 24.57 9.78 26.74 9.20

Days used 9.43 5.12 11.60 4.81

Information
score 55.93 15.93 56.19 17.01

Strategy
score 35.67 14.83 35.76 14.15

Inconsistency
score .43 .90 .47 93
Number of
steps 28.05 9.28 28.76 9.48

Concept LUB3 N=48

Number of
errors 4.58 2.91 4.92 3.28

Fom' score 2.98 2.20 3.85 2.32

Scanning score 1.09 1.21 1.46 1.23

Concept DROOL Nat48

Number of errors 4.90 2.15 5.46 2.88

Verbal Maze #1 N1146

Total time '1;15 4.31 5.67 3.23

Total trials 6.20 2.25 5.11 1.92

Total solutions 3.39 2.06 3.39 1.96

9 6
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Table 6. Distribution of finish types and legal
finishes for simulated problem situations.

Form

Finish Types

Solved
Problem Quit

Legal Finish

Did not
finish Yes No

The New Bike (1) 17 8 17 37 5

The New Bike (2) 33 6 3 35 7

Free Ice Cream 37 7 17 27

The State Fair 13 7 3

The Missing
13 3 7Friend
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Two particular pieces of information should be

taken into consideration regarding these means in

Table 5. First, test administrators consistently

reported that few Ss understood the nature of the

disjunctive concept DROOG which they were supposed to

identify. Secondjit should be noted that_the Verbal

Naze 41 was originally designed to have a maximum total

of three solutions. Yet Ss discovered new solutions

that met the criteria stated in the instructions, thus

a mean total solutions of 3.39.

The test-retest correlations for these instruments

are presented in Table 7. For The New Bike, the highest

test-retest reliabilities were demonstrated by the

information and strategy scores (r.t.t = .50) of The

New Bike. The other measures had.reliabilities ranging

from .19 (inconsistency score) to .48 for the number of

steps measure. The measures for concept LURB demonstrated

a wide range of test-retest reliabilities. They ranged

from a high of .52 for number of errors to -.07, which

was a not significantly different from zero, for the

scanning score. The test-retest correlation of number

of errors for concept DROOG was also non-significant.

However, the reliabilities for Verbal Maze #1 were all

significnat and ranged from .36 for total time to a

respectable .74 for total solutions.
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Table 7. Two- week tost-reteSt
reliabilities' st:.1dy.

Meauure

The Jew Bike
:12

.33

.32

.50

Money earned

Days used

Information score

Stratezy-score

Inconsistency score

Number of steps
.43

-Concent LY:RB .48

Number o' errors
.52

Focus score
/4

. Scanning score
.07 r..s..)1

Concept D1000 4F

Number of errors
07

Verbal Maze 116

Total time
.36

Total trials
.52

Total solutions.
.74

-Correlation not significantly different from 0.0 at the0.05 level.

:99,
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T:te secon(f tczer. 1-e casessing -he rel'abilitv

.e !,.the problem-solving criteria w,7...s to compare the

_performance of the arc 53 on twe supnosedly alte-nate .

t;:a r'-r'. alt^.r7e.te forr.s for

nroblem 3ituationswere The New bie. and Free

Iec.Cream ute o.ution r,roble'::s and The State Faf._r

Theproblems.:L.L.0...).L.L,

a2.7ernate forms for the conce-ot -oro:olems were the

anti F7.,IXes c'r)nftuneti,:^ coneeDts and the DaCOGs

%TLs d!rc.v ce alternate

'or-:s of were Ve.-"a.2. daze ?Y.]. ant. Vera1
:/anu d2. Thr an.-1 7,t:7.ndard. -'_cviatIons for these

ir.2.truTents are 1-sented in Table E. In addition, ,the

finish tyles and ler..al firiqhe:7 v:hcre aporoT.Nriate for the

fot:r :7orms cf the siTlated problems, are ,s;Ven

in From this talc, it: is aviclent that beth

The Bike and 77,ee Ice.-.:reaM were quite difficult since

only 12 Ss ouccesafullv so:;_ved the first and only 1G

oolved the eeeond. The State Fair end The Missing Friend

appeared to t,e somewhat easier since 13 611.t.: of 23 solved

each of these.

The alternate for'. m:2e.ns of the simulatPd Problmm

sit'lations cannot be directly compared since the forms,

have different nunLersof ceetions rd -are only structurally

similar. The concept problemi or the. Other hand, can

e ce7:,-pared crs are of equal
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Table G. Y.cans and standard devlationsfor the alternate
forws of tne prolom-solvinc criteria-reliabilitystudy.

Xensure
Form I Form 2

S.D. :lean S.D.

Slate problers

Money/po!.nts earned

Days used

Information score

Strategy score

Inconsistency score

Number of Steps

7r.e :Iew Pike
/ILI

Free Jce Cream

24.65 9.60

9.3) 5.01

55.66 15.94

35.25 14.90

.41 .88

27.86 9.23

32.89 15.91

5.23 2.73

37.82 18.93

30.68 13.89

.92 1.07

17.93 S.91

The State Fair The Missirg Friend
23

Strategy score 75.9E 25.04 34.48 12.46

Inconsistency score .82 1.05 2.35 .18

Number of steps 7.35 2.44 8.91 1.65

Conce2t Tasks LJRBs FLIXes
/48

Nr-lbor of errors 4.67 2.86 4.85 3.14

Focus score 3.06 2.16 4.02 2.79

Scarning score 1.114 1.21 1.34 1.63
nO0C;s SILGs

47

Number of errors 4,94 2.17 5.00 2.49
Verbal Maze problems #1 1=2

45

Total tine 9.15 4.36 5.72 3.10
Total trials 6.11 2.20 4.91
Total solutions 3.47 2.01 2.80 1.s5
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complexity. The mean number of errors for conjunctive

LuR*,5 (.G7) and 77,Ixes (.36) ;.:re highly similar.

Ev.,;ever, the focus and scanning score means for the

4-hor t;10? for

For the Veral the ..cans for all three

msF.s.ires were less for the form than for the P1

A.orm. :t sneuld De. noted tnat for all alternate forms,

the first mentioned form ',,v1,s administered immediately

before the second nentione form.

The alternate form reliability coefficients for

each of the instruments is resented in Table 2. These

results cast considerable doubt on the assertion that

the d4fcerent forms of the instrunients were, in feat,

alternate forms. Ivelve r11.2t of the 15 reliability co-

eff!.cients.were ne significantly different fr rn zero.

The remaininr, coefficients ranged from a high of .84 for

Verb,:.1 maze total solutions to a low of .34 for Verbal

Maze total time.

The results of this reliability study were used to

choose the criteria for the primary study of problem

solving. It should De obvious from Tables 7 and 9

that the obtained reliabilities of both types were

far from ideal. ;inrmally, acceptable reliability
.

coefficients lie in the ran7e of .70 to .99, which

exclue.es every measure except Verbal Ma.7,e total solutions.
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Table 9. Alternate form reliabilities - Reliability study.

Measure N rtt

7.ne New Btke Frce Ice
Cream 44

Money/points earned -.02 (n.s.)1

Days used -.01 (n.s.)

Information score -.19 (n.s.)

Strategy score -.03 (n.s.)

Inconsistency score -.08 (n.s.)

Number of steps -.04 (n.s.)

Conelpts LURS-FLIX 43

Number of errors .56

Yocus score .20 (n.s.)

Scanning, score -.23 (n.s.)

Concerts DR000-RILL 47

Number of Errors .19 (n.s.)

Verbal Mazes M1 - #2 145

Total time .34

Total trials .46

Total solutions .82

The State Pair - The
Missing Friend

Strategy score

Inconsistency score

Number of steps

23

-.03 (n.s.)

.00 (n.s.)

.21 (n.s.)

**Correlation is not significantly different from 0.0 at
the .05 level.
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however, it was decided that for research purposes

that all measures which exhibited at least one type

of reliability coefficient different from zero would be

use f. in tl'e prinry study. The r?.tionale for this

decision was based on the assertion made by McGuire and

Dabbott (1967) and Creffin;er and Poggio (1972 ) that

for many kinds of problem-solving tests, conventional

measures of reliability were inappropriate. This can

be d.:e to number of causes, including differential

learning across a number of occasions of solving the

sere ?roblem, or differential transfer from one task

to the next. The result of this decision was that

ConcoptDROOG and The State Fair were almost entirely

eliminated and the scanning score from concept LURB was

also deleted.
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The Problem Solving Abilities Study

In primary study, the data for analyses were derived

frcr 21 mr,asuree F.-,-7.the-ied on a sample of 90 subjects.

Only those 7;': with complete data on all variables were

selected for enalynes. Table 1C renorts the descriptive

statistics for each of the variablesincluding the 17

SI tests and the four problem-solving instruments. This

table gives the mean, standard deviation, range, skewness,

and ,neliability for each of the variables. Due to

extreme positive skewness (5.0) of the inconsistency

score from 7he 1;em 3ike, the variable labelled in-

consistency score in the table is actually the log base4

10 of the inconsistency scnre.

Tntra-iudc-e reliability.

The first analysis that was carried out was to

determine tnc reliaz,ility of the scorers on those tests

in whicn scoring required substantial judgement. Lach

test was scored crly one individual. Table 11

presents the score-re-score correlation coefficients

for each of these types of tests. All coefficients

were within a rave of excellent scorer reliability

(i.e. ETeater than J'0) except for liymbol Production

(.79). however, tills last was judged to be sufficient

for researen purposes.
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Table 11.

Y.easure

Intra-judP7e reliability determinationsfor SI tests requiring
substantial scorerjudeement.

Score ?RestoreZ
2

S.D.
2

t
12 r

12
UTFLU 14.3 5 6.51 14.85 7.62 n.s. .94
UTFLY. 4.10 4.26 4.2 4.6 n.s.
CA 11.00 6.23 11.00 6.32 n.s. .99
EF 2.40 1.93 2.35 1.68 n.s. .93
AT 11.00 7.71 10.83 8.20 n.s. .98
SO 5.30 2.69 5.3d 2.69 n.s. 1.00
SA 2.95 1.40 2.95 1.40 n.s. 1.00
NJ 8.90 4.99 8.95 4.80 n.s. .99
WC 8.90 4.89 8.75 4.32 n.s. .99
LI 9.20 14.00 9.70 3.96 n.s. .95
SP 14.05 5.34 13.145 4.47 n.s. .79
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Variable Intercorrelations.

The Pearson Product Moment intercorrelations
for all the possible pairs of variables are reported
in Table 12. For this table, any correlation greater
than .11 is significantly different from zero at the
50 level. For ourposes of describing tree results the
table will be subdivided into three sections; the SI

test intercorrelations, the problem-solving criteria

intercorrelations, and the SI test-problem-solving

criteria intercorrelations.

The.t..e mean intercorrelation
of the SI tecIts was

.33 with a range from .10 to .51. Thus ,all the SI

tests were positively correlated to a moderate degree.

This positive manifold increased the possibility of
underlying common factors.

For the problem-solving criteria, the mean

magnitude of the intercorrelations was .19 with a

range of correlations from' -.28 to .94. 44 of the 78

correlations did not exceed the value (.10) necessary to
be significantly different from zero. The largest

intercorrelations appeared among measures from the

same instrument as would be expected. The negative

correlations are also to be expected, since some measures
such as ERRCJ are measures of errors on a test while

others are measures of positive performance. However, a
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result difficult to explain, is the sizable correlation

of the two concept measures ERRCJ and FOCCJ. One of these

is the number of errors an S makes in theprocess of

identify the concept, while the other is an indicator

of the Sts use of a focusing strategy. Yet, .this

result appears more reasonable in the light of the

assumption made using the number of errors. It was

that the number of errors was assumed to be an index

.of the number of exemplars used by S to identify the

concept. Since the focus score is calculated only

on those exemplars the S uses before he solves the

concept, a positive correlation between the measure of

error and focus strategy is possible.

The mean magnitude of the intercorrelations of the

problem-solving criteria with the SI tests was .12 with

a range from -.25 to .30. Of the 234 correlation

coefficients between these two batteries, 111 did not

exceed the magnitude (.11) necessary for a significant

difference from zero. Four measures-money earned,

days used, and the information score from The New Bike,

and the Verbal Maze total solutions- demonstrated A

consistent pattern of low to moderate correlations with

the SI tests. The New Bike inconsistency score, the

total time and total trials from the Verbal Maze

problem, and the total elapsed time for the concept

problem presented consistently zero correlations with
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the SI tests. Thus it would appear that the possibility
of common underlying factors is not high. In order
to delineate the relationships among the variables, a
number of analyses were carried out on the correlation
matrix. These analyses will be reported in the

following sections.

Regression analyses of the SI tests on the_problem-solvingcriteria

In order to explore the predictability of the problem-
solving criteria given the SI tests, step-wise regression
analyses were carried out for each one of the problem-
solving criteria, using the Si tests as predictors.

Multiple' correlations and percents of variance accounted
for were calculated for each criterion. These figures
were based'on an optimum predictor set for each criterion
which was determined by F tests on the change in multiple
correlation. Table 13 summarizes the results of the

regression analyses. To particular points should be
noted. First,, the F test should be construed as a decision
function rather than an exact test. Second, the multiple

regression procedure takes advantage of all sources of
variance including error variance. Thus multiple R's
may be spuriously inflated.

For the problem-solving instrument, The New Bike,
the multiple correlations (R) ranged from a high of .43

for the amount of money earned to .25 for the incon-



Table 13. Prediction of problem-solving criteria from
SI ability measures.

Criterion

106

predictable SI predictors
R variance contributing

significant
variance

The New Bike

Money earned .43 19 NU, LI, RA,
UTFLU, LR

Days used .37 13 NU, LI, LR,
UTFLU

Information score .45 20 NU, RA, LI,
LR

Strategy score .30 9 NU, LI, RA

:nconsistency
score .25 . 6 UT

Number of steps .32 10 NU, LX, RA, WC

The State Fair

Number of steps .21 4 JOA, LI

Verbal Maze /11

Total time .18 3 AT, RA, WC

ttal trials .16 2 CA, SO

Total solutions .47 23 'RR, UT, LR,
PFT, L:

Concept LURB

Number of errors' .33 11 LR, UT, UTFLU

Focus score .13 2 WC

Total elapsed time .23 5 PFT,
LR

116



106

sistency score, The percent of variance accounted for
in the criterion variable ,by the predictor .set ranged
from 19% for money earned to 6% for the inconsistency
score. For every variable except inconsistency
score, the SI test New Uses was the best predictor of
performance. The SI tests Learned Information and
Related Alternatives appeared in secondary or tertiary
positions of importance in four out of the six optimum
predictor sets. The fluency measure from the Utility
Test contributed significant variance to the prediction
of money earned and days used. Losical Reasoning was a
significant predictor of money earned, days used, and the
information score. Finally, Word Completion was a
significant but minor predictor of number of steps and
Unusual Thilyz, was the only significant SI predictor
of the inconsistency score.

The number of steps measure for The State Fair
had an R of .21 with its Optimum predictor set, which
accounted for only 4% of the variance. The optimum
set consisted of Judging Object Adaptations and Learned
Information.

The total time and total trials measures from
Verbal Maze #1 had multiple R's of only .18 and .16

respectively accounting for only 3% and 2% of the
variances. However the multiple R for the total
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solutions measure was a respectable .47 which accounted
for 23% of the criterion variance. The significant

predictor set for this variable consisted of five SI

testy including Remembered Relations, Unlikely Things,

Logical Reasoning, Plane Flight Test, and Learned

Information.

For the concept identification task LURE, multiple

R's ranged from a high of .33 and 11% of the variance

to a low of .13 and 2% of the variance. Number of errors
had the highest R, and was predicted by three tests

with Logical Reasoning being the most important. Since
so little variance was predictable for the other two

measures, the predictor sets were judged to be of minor

importance.

To summarize the regression analyses, no multiple R
excedded .50 and thus less than 25% of the criterion

variance was predictable from the SI tests. However, it
is important to recognize that this may have been due

to more than one cause, since the multiple R between a

criterion andsa Predictor set is also dependent on the

reliabilities 'of all measures, and the problem-solving

criterion reliabilities Were generally low.
.4
,C

Structural analyses

As was stated in the Methodology chapter, a three-

fold approach was taken to the question of underlying
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structure. The variable intercorrelations were analyzed

by conventional factor analysis, canonical correlation

analysis, and extension of the problem-solving criteria

into a predetermine6 SI factor structure.

Conventional factor analysis. The first structural

analysis carried out on the data was an iterated

principal factor analysis extracting 31 principal

factors. The eigenvalues and cumulative percent variance

accounted for by each of the factors are given in Table

14. The scree test (Cattell, 1966) was carried out by

plotting the eigenvalue against factor number for each

of the factors extracted. This plot appears in Figure 11.

This test proposes that eigenvalues of factors with a_

high proportion of error variance will form a straight

sloping line or "scree slope." From the plot it was

judged that the "scree slope" began at'the sixth factor

so the first five factors were judged to be relatively

error free. The matrix of correlatiohs was then

subjected once again to an iterated principal factor

analysis which extracted five factors. These factors

were then rotated to a varimax criterion. The factor

structure and comrnunalities are reported in Table 15.

This solution was judged not completely adequate in

terns of simple structure since a number of tests and

measures such as the Utility Test, Controlled associates,
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Expressional Fluency, and several measures from The

New Bike had inportant loadings on more than one factor.

This varimax solution was then subjected to an

oblique rotation by the Promax procedure (Hendrickson

and ::nice, 1966). Table 16 presents the primary

factor loading matrix. Table 17 gives the factor

intercorrelations and Table 18- reports the test-

factor correlation matrix.

Comparing Tables 15 and 16 it is evident that the

Promax solution yielded a slightly simpler structure

in terms of factor loadings. The loadings for the

two,measures from the Utility Test increased slightly

in factor IV and decreased in factor I. The major

improvement was in the hyperplane count (loadings of

magnitude less than .10) which improved for each

factor. In addition, most tests had an important loading

on only one Factor. However, the factors yielded by

Promax procedure were no longer orthogonal. Table 17

indicates that factor I is most correlated with factors

II, IV and V, yet the magnitude is quite moderate (.34).

Facto.: II is slightly negatively correlated with factor

III and'essentially uncorrelatedwith factors IV and V.

Factors III, IV and V are esventially uncorrelated. It

would appear then that the oblique rotation left most

of the factors orthogonal while moving factor I to a

2
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Table 16.

Measure

PriMary factor matrix for
Promax solution.

Factor
I II III

the five

IV

factor

V

UTFLU .23 -.05 -.09 .59 .06
UTFLX .18 .01 -.02 .56 -.02
CA .49 -.04 .00. .3`7 .14
EF .39 -.05 .10 .28 .05
RR .74 -.05 .05 -.11 -.06
AT .64 -.05 .06 .14 -.16
UT .57 -.02 -.10 -.09 .04
SO .51 .05 -.05 .03 -.01
SA .37 .05 -.02 -.04 .14
JOA .44 -.06 -.02 -.03 .16
NU .57 .12 .00 .19 -..66
WL .70 .01 .09 -.07 .00
WC .77 -.05 .00 .14 -.01
PFT .60 -.13 -.04 -.18 .17
LI .32 .17 .01 .,--.15 .04
LR .58 .02 -.11 .03 -.08
SP .59 .01 .04 .07 -.16
RA .64 .08 :11 .04 -.09
VENB .09 .87 .00 -.09 .06

DUNB .06 .83 -.04 -.10 .04
INFNB .07 .94 .01 .01 -.02
STRNB -.07 .93 .00 .01 -.06
INCONB -.09 .08 -.02 .14 .30
NSTPNB -.14 .98 .02 .05 .02
NSTPSF -.01 .02. .08 -.08 -.39
TMSPY -.21 .00 -.07 .01 .38
TTRSPY -.19 .09 .13 .19 .28

TSSPY .43 .09 -.12 -.05 .14
ERRCJ .04 .00 .83 -.11 -.38
FOOCJ .03 .00 .78 .01 .06

TMCJ .06 .03 .14 -.15 .11
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slightly oblique position with respect to all of the other

factors.

In order to understand the psychological meaning of

the five factors, it is necessary to examine the test-

factor correlation matrix. Table 18, which presents

this matrix, reveals that while the primary factor

structure became simpler through the oblique rotation,

a greater degree of test overlap on factors is present.

Factor I appears to be a general test performance factor.

All measures with reliabilities greater than .30 have

important correlations with this factor. Factor II

appears to be primarily a test specific factor having

high correlations.with The New Bike measures, though the

New Uses is also moderately correlated. This is

probably due to correlated errors. Since these same

tests also have important correlations with factor

I, the correlation of the two factors is explained.

Factor III is another test specific factbr which

had high correlations with error and focus scores from

the concept identification problem. The low'negative

correlations of this factor with factors I and II

are most probably a result of the low negative 'Correlations

of a number of SI tests and The New Bike with this factor.

This in turn is most likely due to the fact that the two

measures assess degree of poor performance on the task.



Factor IV appears to represent a divergent production

factor. Four of the seven tests which had important

correlations with this factor have been identified by

Guilford (1967) as divergent production tests. Two of

the remaining tests, Apparatus Test and New Uses, call

for "original" thinking by S in order to successfully

perform on the tests. "Original" thinking has often

been identified as divergent in nature. Finally,

Word Completion has a moderate correlation with this

factor, probably due to the semantic nature of all the_ _

other tests. Factor IV has its highest correlation

with factor I, most probably because a general test

performance factor affects performance on these divergent

production tests.

Factor V has moderate correlations with several

tests in both the SI tests and problem-solving criteria.

This factor appears to indicate that the SI abilities of

evaluation of semantic transformations (Judging Object

Adaptations) and cognition of semantic systems (Plane

Flight Test) are related to problem-solving measures of

the errors made in problem solving (The New Bike in-

consistency score, number of steps from The State Fair,

and number of errors in the concept problem). The

measure of total time in the Verbal Maze problem

also had an impOrtant correlation with this faCtor.

Factor V was moderately correlated with only factor I,
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Table 17. Factor intercorrelations. Five factor Promax
solution for the SI tests and problem-solving
criteria.

Factor II III

Factor

IV V

I

II

III

IV

.34 -.21

-.21

.34

.10

-.11

.31

-.03

.08

-.11
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which can be accounted for by the important correlations

of Judging Object Adaptations, Plane Flight Test, and

number of errors in the concept problem with both factors.

To summarize the results of this conventional

factor analysis, it revealed little about underlying

relationships between human abilities as specified by the

SI tests and the problem-solving criteria. Only factors

I and V showed any crossover between the two sets of

tests. However Factor I explained little since, it appeared

to be a general test performance factor. Only factor V

presented some evidence that the human abilities,

evaluation of semantic transformations and cognition

of semantic systems, are related to errors in problem-

solving tasks.

Canonical correlation analysis. Since the conventional

factor analysis revealed little of the relationships

between the set of human abilities tests and the problem-

solving criteria, it was decided that a different, more

suitable approach would be employed. This approach

chosen was canonical correlation analysis which was

designed by Hotelling (1936) to analyze relationships

between sets of variables.

Five canonical variates were extracted from the

set of SI tests and the problem-solving criteria. The

pertinent information concerning these canonical

variates is presented in Table 19. The first two

1-I
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canonical correlations were significant according to the

-Wilks lambda test. However, five canonical variates

were extracted in order to account for a maximum amount

of variance in the two sets. The five canonical

variates extracted 60% of the variance of the SI tests

and 48% of the variance of the problem-solving criteria.

The first two variates were the only ones to extract

appreciable variance fiom the first set, while only

the first canonical variate extracted appreciable variance
!..j

fromthe second set.

The redundancy figutes reported in Table 19 were

the amounts of'-variance extracted by the canonical

variates from one set that were predictable from the

i

corresponding canonical variates of the other set.

Thus for the first pair of canonical variates which

Were correlated .66, the proportion of variance predictable

in the second set from the first set is .074, while the

proportion of variance in the first set predictable

from the second set was .136. The total proportion of

extracted variance predictable in the set of problem-

solving criteria from the SI tests was .116. The reverse
:.

accounted for a total proportion of variance of.156.

Finally, the first pair of canonical variates accounted

for 64% of the redundancy in the SI tests and 87% of the

redundancy in the second set. This indicates that the only

canonical variates of importance were the 'first extracted.

132
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pair of variates in the analysis.

In order to analyze the contributions of the

various tests due to the first pair of canonical

variates, the correlations betweeh the tests and the

canonical factors were calculated. This canonical

factor structure is given in Table 20. Since the first

canonical factor accounted for most of the redundancy,

this was the only one which was closely examined. All

the SI tests had moderate correlations with this factor.

The test exhibiting the highest correlation was New

Uses with a coefficient of -.75. For the problem-

solving criteria, several of the measures also had

reasonable size correlations with the factor. These

measures included four of the measures from The New Bike,

the Verbal Maze total solutions, and concept problem

total errors. The pattern of correlations across the

two batteries appear quite similar to the general

test performance factor found in the conventional factor

analysis.

Extension analysis. Since the canonical correlation

analysis also revealed little about the relationships

between the SI tests and the problem-solving criteria,

a third approach was attempted. This analysis attempted

to answer the question: assuming that the SI tests

represent a structure of human abilities, how do the

1" 3
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!.

Table 20,

Ms.asure

Test co-relat!.ons with the 5 indeperdent canonical
factors.

Canonical factors
II IT' Ty

SI Tests

JT'LU -....47,- -.13 -.72 45 -.41
ITFLX -.32 .10 -.08 .i,, -.31CA -.42 -.24 .01 .21 .19
Li? -.32 -.03 -.09 .13 .12RR -.53 -.01 .35 -.15 -.10AT 172 .03 .23 ^.17 '..11
T. -.64 -.35 .02 -.28 .00'SO -.63 .00 -.05 -.15 -.13SA -.49 -.08 -.13 -.09 .50JOA -.44 -.20 .40 -.15 .22
NU -.75 .12 -.21 -.05 .01
WT., -.62 -.12 .34 -.05 -.10WC -.69 -.22 .05 -.23 -.13PFT -.53 -.39 .27 .20 -.05
1.,7. -.46 .46 .4i .18 .08La -.69 .,3 .01 .08 -.24
S7 -.50. .13 .24 .03 .00
RI, -.62 .22 .00 -.27 -.04

eroSiem-s:)1ving Criteria

VENB -.57 .5 .11 -.36 .13Dun -.t2 .42 .05 -.36 ,.,1
---

.

I:;FNB -.65 .43 -.19 -.21 .05
STRNB -.40 .53 -.22 -.21 .23
Yr;C CNB .19 .3 2 .00 .141 -.15NS:2MB -.38 .58 -.19 -.09 .10NSTPSF .27 -.05 -.0q -.37 -42
'-_.:SPY .15 -.42 -.01 - .14 .

TTRSFY .22 -.28 -.17 .17 .25TSSPY -.71 7.14 .37 .0;?, -.17
'17z.RC,I. .49 .23 .24 -.30 .00FCCCJ . 19 12 .08 .05 .372MCJ .02 -..22 .57 .24 .28
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tests with the highest loadings. Four factors had

essentially, equivalent high loading for several tests

and thus were identified as representing more than one

SI factor. Undoubtably, the structure could have been

improved by oblique rotation, but in conformance with

Guilford's criterion of orthogonality, this structure

was accepted as the most representative structure of the

SI model that could be derived from available data.

Using the factor structure given in Table 22,

extension loadings of the problem-solving criteria on

the 13 factors were calculated according to the procedures

of Mosier (1938). This had the effect of adding a row
"-;

to the factor loading matrix for each of the problem-

criteria. These added rows are presented in Table 23.

Almost all of the extension loadings are less than .30,

indicating that most of the problem-solving criteria

were not related to the factor structure. There are,

however, a few exceptions. The number of steps and

money earned from The New Bike are moderately related

to factor IV, which was associated with the SI factorof

memory for semantic systems. The information score from

the same test appeared to be related to factor VII, which

was associated with convergent production of semantic

systems. The New Bike strategy score and the concept

problem total elapsed time were related to factor X,

138
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129

whch was associated with conition of semantic systems.

Firally, the total elapsed time for the concept

prolem was also related to factor XIII which was

tenvely

extf:,nsion loadin Elralysis, little

of t::c relationips ::eten the tests and the prolilem-

solving criteria were revealed. Only seven loAding

exceeded .30, and these were widely scattered across

the :a-tors. The outcome once again appears to be that

there -.7as essentially no relationships :)etween the Si

tests and the nroblem-rlolving criteria.

Summary

This cOnclude z. the results chanter. The findings

of thi: reliwoility study :Jaye been rported. The data

concerninz th2 I tests and the problem-solving

cr-....teria have been described and subjected to four

different _typs oF.analyses. The results of the re-

gression ana:yses ,Fuld the three rtultivariate correlational

analyses were ,reported. In the next chapter tese results
will be discussed and concl-Jsions will be dram.
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the nuber o errors for the
conjunctive concept andthe measures from the VerLel aze problems .-:ere s4g

, nificantly different from 'zero. The reliability coe.,f-icint3 for t-tese rn: re 3r to ..
percent of error variance in the sure predicted by.t:ni7 method

ren;e(t iror:. to

The results of the twc, different methods of
dtorninc reliability inicatP-tlIPt only two of the
measures exhibited

consistent reliabilities. Totalsoons from the Verbal
problems and the num'ber

of errors in the concept itentifiction probleza had
reliabi3itiec of out S. and .76 respectively across
the t.,7o mtaF;ures. Yet, these results leave :T.ucn to bedesired since- a considerabTh proportion of the scorevariance was still error varince.

everal possible exlanaticns exist for these
results in the reliability study.

reliatilities maybe due to task difficulty, (Ii:fferential learning,
content sampling

difficulties, or inadequate measure

Test-retest and alternate form correlations may bothbe -2ffected by task difficulty. If the tasks were too
difficult for Ss, their perfor;;:ance on the measures wouldbe essentially

meaningless and consist mostly of
randorn error. This condition did not seem to characterize
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for wo..11:d tr'PT c.,;7 the

of"r...rts t ers, nstvnts were quite

7rac stuerts. Consccu.ently,

a cortritruti '.actor c : hrt 1:-)y rc:.iabil of these

instrsts L:sn te cxtr.:;me .-fiifficul.i_y of thou

nct:s.e.,-- factor hch coul( affPct both types of

differ:7!nt:::'1 lcarnir.:; occurring 1:.::t4:1e-s.

sucob,o dd7,..in-2_stat:Ion of

solv.11r the Droplelf: this

:7houir: ch7n7c thc 771,2ans rcs
tests. S by

amo=t. l'ewever, iE
1

slac-c i.e. tLc ,Imount of 1=2,7.rhin7 varies across then

bet:: *If,1 mean:: a7-1 the corrc1P.tion ill be ffectof
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since both the performance and the relative ranking of

Ss will change. .Learning apparently did take place for

practically all of the problem-solvinj, measure in the

--s--retest ronditsn the -r-sorted means renerally

cr,nped aeres.s testinF, sessions. For the alternate

forms, learning ',:as evident primarily for tne Verbal

:-Iaze problems. I differential learning did occur, it

could account forthe low test-retest correlations of

most of the measures.

Another factor that could affect the alternate forms

reliability is the content that each instrument sampled.

The basic assumpticn behind alternate forms reliability

measurement is 'i!71: the t*,,o forms measure the same thin,.

Forms shoull.:, thuc, only diffcr in superficial character-

istics. In the original deyelopmental effort, an attempt

was made to construct parallel forms for each of the types

of instruments. For the si.Aulated problems essentially

the same problem. maps were used for both the single and

multiple solution. forms. T'roblem 7oals were essentially

the same; to find ccmething missing by searchinj a

variety of places, and to collect a given amount in a

minimum time in order to obtain something. In the concept

tasks the for iWrs were exactly the same. Cnly the target

concept was changed in terms of the relevant dimensions.

The Verbal Haze problems used the same problem maps for

bot'l forms. Only the names were changed from one form
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solver should utilize more information in solving the

Th.1-,rob e I e numser of ,itens also appears to to_ valid

because the better pr ;b1 should take fewer

steps t-) 'Iher.e 7=y. be some euection

about the eltrategy score and inconsistency score, however.

Ti e strategy score reflects the conformance of the S's

pattc' ^n of cnoiccs with .t. e_ sure strategy. But this

sure strategy may not correspond to the S's conception

of a best strategy, since the common assumption is that

best strategy involves the fewest steps. The sure

strategy guarantees that t. e Problem will. be solved in

the minimum of days, rathor than in them fewest steps.

Thus Ss may not be even attempt'ng to follow a sure

st.ratery which causes the conformance measure to lose

meaning. nic inconsistency score supposedly .reflects

the logical errors S make in following directions in

the 2roblem However thin: yeasure may reflect errors

from two sources' misuderstanding given directions and

accidental random errors duo to such sources as turning

tc t7le. wrong page. This second source is not systematic,

and therefore the inconsistency score may reflect random

as well as systematic variance.

:or the concept problems, the number of errors and

focusing score are recognized measures of concept

identification often appearing in the research literature.

However, tno scannins score may be less valid in this
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than r-onsoiclic strteTy.
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From the above discusion it is evident that a

mamber of conditions existed which could adversely

affect the reliability.coefficients for the problem-

solvf.ng criteria. :nre re'iabilities were quite

low, it is reasonable to assume that some of these

faotors-were active in lo..qering the reliability of the

different measures. Regardless of the causes of the

decrements in reliability, tie important outcome of
this study was that the orobicm-solving criteria exhibited

consistently low relia'Dilties. These low reliabilities

will adversely affect all attempts to investigate the

problem-solving behavior sampled by these measures, as

will be seen in the fellowin sections.

148



138

The Problem-Solving Abilities Study

The primary outcome of this study was that few

relationships were evident between this particular set

of problem-solving criteria and the set of tests

representing a number of Strurture of Intellect (Guilford,

1967) factors. However, the relationships that were

evident will be discussed in the following sections.

Regression Analyses.

The regression analyses were the most fruitful in

terms of relationships revealed. These analyses were

designed to determine the predictability of the problem-

solving criteria from the SI test. Each of the problem-

solving criteria was significant correlated with at

least one of the SI tests. Multiple correlations were

not great, the greatest being .47, and thus large amounts

of variance in the criterion variables were left un-

explained. Optimum predictor batteries ranged from

one to five SI tests.

Three SI tests were significantly related to all

of The New Bike measures except the inconsistency score.

These were, in order of importance, New Uses, Learned

Information, and Related Alternatives. New Uses represented

the SI ability of convergent production of semantic

transformations. Learned Information represented the

SI factor of memory for semantic systems, and Related

149



0

Alternatives represented t.,le SI al)ility of memory for

sem7ntic lmplicatlens. Uses to be logically

related to performance on this instrument in that the

:::::. 7 and. inter;ra-t:i7:-_,;

the 7 i''en n.:.x.orma-don to arrive at the best

decision, conveDgent predetion of semantic trans-

formations. The 7:,clatienship of Learned

information and ::elated Alternatives to performance

on this instrument seems to lie in tne necessity for

the C to recall the str,.let'17:,c and meaning of information

given in previous steps r order c make decisions in

the 2resent step. This appears to he the same abilities

as described by memory for semantic systems (structure)

and implications (meaning).

In the concept identification task, only the number

of errors had an important amount of variance predicted

by the optizIum set. Three SI tests; Logical Reasonina,

,1nlikely Things, and Utility Test - fluency, were

significantly, and negatively related to number of

errors. Logical Reasonin appears to be logically

related, in that semantic reasoning ic necessary to

interpret feedbacK and determine which dimensj.ons are

relevant. 'rilikcly fll_r17:, does not appear to be-------

loz:%caliv related because of the 3 factor it represents,

but rather through the fact that both instruments depend
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on the S's ability to notice pictorial details.

Utility Test - fluency may be related to performance on

the concept identification task in that it is necessary
in both tasks to generate a number of possible solutions
to the problem-divergent production.

A number of SI tests were also related to the total

solutions measure of'the Verbal Maze instrument. The

significantlyrelated ,tests were Remembered Relations,

Unlikely Things, Logical Reasoning, Plane Flight Test,

and Learned Information. The underlying cause of relation-'

ships appears to lie in the fact that the Verbal Maze

is a semantic system, a relation among relations

where the relation is "can talk to". Thus Remembered

Relations (memory for semantic relations) and Learned

Information (memory for semantic systems) may be related

in that they measure the recall of semantic relations and

systems. These correspond to remembering the name

pairs and the connections among name pairs. Unlikely

Things (evaluation of semantic systems) appears to be

related in that the problem task requires the S to

judge the adequacy of his solutions which are semantic

systems evaluation of semantic systems. The two

reasoning tests, Logical Reasoning (evaluation of semantic

implications) and Plane Flight Test (cognition of semantic

systems), appear to b.. logically related tothe task in

that the task requires reasoning of the form: if A
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can talk to B and B can talk to g then one can pass

a message from A to C. This type of reasoning encompasses

both semantic and general reasoning specified by the

two tests.

From the above discussion it is evident that a

small number of relations existed between the SI tests

and the problem-solving measures. These relations

lend some weight to the assertion that some human

abilities are important to problem solving. However,

it is important to remember that the ability measures

that were related to the problem-solving criteria

predicted only a small portion of the criterion variance.

Thus the relations are generally weak.

Structural analyses.

The factor analytic procedures employed in these

analyses generally revealed very little about the

relationships between the SI tests and the problem-

solving criteria. The purpose of these analyses was

to determine the underlying factors common to both the

SI tests and the problem-solving criteria, and in this

way to elucidate relationships between the two batteries.

Conventional Factor Analysis. The conventional

factor analysis revealed five factors, none of which

resembled SI factors. The first factor was a general

test performance factor, similar to a general intelligence
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factor, which had loadings of all the SI tests and

at least one measure from each of the problem-solving

criteria. The second and third factors were instrument

specific and represented the concept identification

task and The New Bike with New Uses. The fourth

factor represented divergent production of semantic

products. Only the last factor demonstrated any

crossover between the two batteries. However, this

factor made little logical sense, and since the important

factor-test correlations were barely greater than .30,

the factor was judged unimportant. Thus the conventional

factor analysis revealed nothing new concerning the

relationships between the two batteries.

Canonical correlation analysis. The canonical

correlation analysis yielded only one important canonical

factor. The test-factor correlations revealed that

this factor was highly similar to the general test

performance factor found in the previous analysis.

The only new information this analysis added was that

very little of the general performance variance in

the problem solving criteria was predictable from the

SI tests.

Extension loadings analysis. The purpose of this

analysis was to discover how the problem-solving tests

fit into the SI factor structure supposedly represented

by the SI tests. However, considerable difficulty
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was encountered in reproducing the SI factor structure.

This structurevas approximated only when the question-

able procedure of extracting all of the variance by

factors was employed. The extension loadings provided

little new information. This analysis revealed only

that Learned Information appeared to be related to The

New Bike measures.

Possible explanations for the poor results. The

poor results of all these analyses can be traced back

to the correlation matrix of the SI tests and problem-

solving criteria. These correlations were generally

quite low, and a large number did not exceed a

magnitude which would be significantly different from

zero. Thus the expectation of factors across the two

batteries could not be high. In turn, these low

correlations can be directly attributed to the low

reliabilities of the problem-solving criteria. According

to classical test theory (Lord and Novick, 1968), the

correlation between two tests is limited by the square

root of the product of the reliabilities of the two

tests. Thus the low reliabilities of the problem-

solving criteria severely limit the possible magnitude

of correlations between them and the SI tests. The

possible explanations for these low reliabilities were

discussed in the previous section. This appears to he

the primary reason for the lack of evident relationships
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in the multivariate correlational analyses.

Several other more general factors may have also

affected these analyses. In addition to those factors

which could affect the reliability of the problem-

solving criteria, characteristics of the specific

tests and the sample may have affected the outcome.

The New Bike placed great deal of emphasis on the

reading ability of the Ss. It is possible that the

importance of reading ability overshadowed the effects

of all other abilities. Thus the reading ability of the

S may have dominated performance on the task, to the

exclusion of most other abilities. However, the low

correlations of The New Bike with Word Completion

argue that this possibility is not highly probable.

Another factor which may be characteristic of all

of the problem-solving tasks is the complex nature of the

problem-solving involved. The possibility exists

that the measures derived from the instruments did

not suit the complexity of the tasks. If problem-

solving is a complex interaction of a number of human

abilities, it may not be reasonable to assume that

-gross measures which count events across the entire

span of the problem-solving episode will reflect

accurately the functioning of these abilities. All

the measures derived from the problem-solving tasks

sampled behavior across the entire task, so it may be
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that the importance of some abilities may have been

masked by the gross nature of the measures.

A factor which may have affected the concept

identification tasks is the nature of the task'

content. The S had to identify a two dimensional

geometric concept. All exemplars were geometric

,figures. Yet none of the SI abilities represented by

the SI tests dealt with figural rather than semantic

content. If abilities focusing on figural content were

of primary importance, few members of the SI test

battery would be related to performance on the problem-

solving task.

A characteristic of the sample may have also

affected the relationships between the two sets of tests.

Guilford's SI,tests were developed primarily using

samples of servicemen, college students, and high

school students. The question therefore arises:

Do these tests measure the same abilities among fifth

grade children as they do among adults? Some evidence

exists (Torrance, 1966b; WallachltKogan, 1965;

Getzels & Jackson, 1961) that children possess divergent

production abilities at a young age. However, it is

open to question if such tests as Logical Reasoning,

Apparatus Test, and Judging Object Adaptations elicit

the same responses among adults as they do among children.

It is luite'possible that the vocabulary component of
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these tests is much more important for children than it

is for adults. If this was true, then adult abilities

measured by these tests would not be present in the
A.

scores of the Ss in the sample. Thus the relationships

between the adult abilities and the problem-solving

behaviors would not be present.

One final contention concerning problem solving

by Newell and Simon (1972) may have also influenced the

lack of relationships. They contend in their theory of

problem solving in a human information processing system

that:

A few, and only a few, gross
characteristics of the human IPS
(information processing system) are
invariant over task and problem
solver (underlining added)

This implies that there are not a large set of human

abilities which are important to all problem solving

situations, but rather that the abilities employed

vary from task to task and person to person. If this

contention weie true, then performance on the problem-

solving criteria of this study would depend both on the

task and the problem solver. Since all analyses were

aimed at extracting common characteristics across in-

dividuals, this dependence on the individual would

effectively remove the possibility of the analyses

yielding such general characteristics. Thus, few, if
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any, relationships would be found between the SI tests

and problem-solving criteria.

It would appear from the above discussion that

there are several possible explanations for the lack

of significant relationships between the SI tests and

the problem solving criteria. One or several of them

may have, in fact, been true for this study. However,

concrete evidence exists for only one explanation.

From the first study it was known that the reliabilities

of the problem-solving criteria were quite low, and

thUs the correlations with the SI tests were limited.

The resulting low to zero correlations effectively

prevented the elucidation of many possible relationships.

Inability to reproduce a Structure of Intellect

factor structure. One final question must be dealt

with. Why was an SI factor structure not reproducable

from the intercorrelations of the SI tests? One very

simple explanation is that in order to produce a given

factor it is necessary to have at least two tests which

represent that factor, and they must have a higher

correlation between them than each has with all other

ests. This study had only one test representing each

of the chosen SI factors, and thus the likelihood of

producing SI factors was extremely small.

Even if the proper number of tests were present,

there is' some question of whether or not the SI structure

158
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could be reproduced using strictly empirical methods:

To quote Horn (1970)

The fact that subjective methods were
allowed in research upon which the
SI model is based invokes the uneasy
feeling that perhaps - in what degree
one can only surmise - what are
referred to as distinct abilities are,
in reality, only drawingboard vectors
.created by overfactoring and rotated
to fill otherwise unfillable cells in
the SI cube ...

When this type of objection is combined with the

possibility that some SI tests may not measure the same

things in children as they do in adults, the possibility

of reproducing SI factors using test performances of

fifth graders seems even more remote.

Summary and Conclusions

The project encompassed by this thesis developed

a set of problem-solving tasks which were believed to

be more in line with a set of characteristics for the

ideal problem-solving task. However, the reliability

study revealed that these tasks failed one important

criterion - they were not reliable measures of the

behaviors they were sampling. In spite of this, these

problem-solving tasks were administered to a large

group of bhildren along with 17 human ability measures as

specified by Guilford's (1967) Structure of Intellect
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model. The analysis of these results revealed few

relationships between the SI tests and the problem-

solving criteria. The few relationships that existed

indicated that memory abilities were important to

two of the three tasks, a measure of convergent

production of semantic transformations was related to

performance on the simulated problems, and reasoning

and evaluation abilities were related to performance

on the concept identification and Verbal Maze tasks;

A primary stumbling block in investigating possible

relationshipsyas the low reliability of the criteria,

though some other factors may have been operative.

The primary conclusion that must be'drawn from this

project is that the 'unreliability of the problem-solving

criteria severely limited the study and essentially

prevented the study from fulfilling many of its purposes.

The question of what human abilities are important to

problem solving thus remains open. The basic design

of this study is still capable of providing information

regarding this question, but a number of improvements

need to be made. First, the reliability of the problem-

solving criteria need to be raised to acceptable levels.

Second, an even wider sample of problem-solving behaviors

need to be included as marker tests. Third, the population

of interest should be adult problem-solvers instead of

children. With these improvements, it is quite possible
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that important contributions could still be made to our

knowledge concerning human problem solving.

0 . 101
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IEPL,ICATIC,NS roR ELUCATION

Tne goa... of Phase III o th_s oroj(!ct was is construct

an empirically f()1, h.,...rnan problem

solving. This model 'as to LuiL; on tnc results of Phase II

combined with guiL !ines and pri ch:!rived from the research

literature witn re:.pect to -dbi(;m solving. .at is., phase II

was to nave est -. Llisne with 307.. .i,nich of the 17

specific abilities .ere relates to several Jifferent aspects

of problem solving. :nese aspects were reflected in the different

measures derived from the problemsolving criteria. It was

assumed tnat these relations%ips betwec,:n the s-)ecific abilities

anc tne probleri- colvlrtg measure,_ would serve as preliminary

evidence that enhancing the appropriate specific abilities

would lead to more efficient and accurate problem solving.

The model for instruction in prouder.' solving; would -nen have

involved a set of empirically based principles for the nurturance

of these _important human at',dlitied, Since it was evident that

even if the second phase were s.::ccessful the model could. not be

complete based solely on t:iis project's results, relevant principles

derivable from the prollem-solvin!7 literature were also to be

included.

However, as is obvious from the preceding chapters,- PhaSe II

was essentially unsuccessful in establishing a structure of

specific SI abilities which were related to the various aspects

of problem solving reflected. in the measures derived from. the

problem-solving criteria. Tnus, the dilemma of constructing
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an ihadeat- m1 or r-.:flr.aining from model construction

was preent,3d. irc the evidence in t.le Drovlem-solving

literaturc_ concerning t:Ji importance bf different specific .numan

ab:tes va7, fi-arm,:,.ntar7 nd incomie-t:E, a model based solely

on t;Le 11:.erature was judged to be inadequate for

instructifonal purpose. .i:::a lack of definite empircal evidence

from tne researcri literature, tor,cther ti the, lack of results

from P;Lase 11 of tie project, led to th,? decsion tnat no

useful model could be ':onstructed at this time. That is,

no useful and empirically based moded for instruction in specific

cognitive aptitudes could be constructed from ividence presently

available.
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